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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF COLUMBIA 

Chugai Seiyaku Kabushiki Kaisha (also known 
as Chugai Pharmaceutical Co., Ltd.) 
No. 5-1, 5-Chome, Ukima, Kita-ku 
Tokyo, Japan 

Plaintiff, 

v. 

HON. DAVID J. KAPPOS 

Under Secretary of Commerce for Intellectual 

Property and 

Director of the United States Patent and 

Trademark Office 

Office of General Counsel, 

United States Patent and Trademark Office 

P.O. BOX 15667, Arlington, VA 22215 

Madison Building East, Rm. 1GB20 

600 Dulany Street, Alexandria, VA 22314 

Defendant. 



COMPLAINT 

Plaintiff, Chugai Seiyaku Kabushiki Kaisha (also known as Chugai Pharmaceutical Co., 
Ltd.) ('Chugai"), for its complaint against the Honorable David J. Kappos, states as follows: 

NATURE OF THE ACTION 

1 . This is an action by the assignee of United States Patent No. 7,5 1 7,965 ("the '965 
patent") seeking judgment, pursuant to 35 U.S.C. § 154(b)(4)(A), that the patent term adjustment 
for the '965 patent be changed from 356 days to at least 716 days. 

2. This action arises under 35 U.S.C § 154 and the Administrative Procedures Act, 
5 U.S.C. §§ 701-706. 
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JURISDICTION AND VENUE 

3. This Court has jurisdiction to hear this action and is authorized to issue the relief 
. sought pursuant to 28 U.S.C §§ 1331, 1338(a), and 1361, 35 U.S.C § 154(b)(4)(A) and 5 U.S.C. 

§§701-706. . 

4. Venue is proper in this district by virtue of 35 U.S.C. § 154(b)(4)(A). 

5. This Complaint is timely filed in accordance with 35 U.S.C. § 154(b)(4)(A). 

THE P ARTIES 

6. Plaintiff Chugai is a corporation organized under the laws of Japan, having a 
principal place of business at No. 5-1, 5-Chome, Ultima, Kita-ku, Tokyo, Japan. 

7. Defendant David J. Kappos is the Under Secretary of Commerce for Intellectual 
Property and Director of the United States Patent and Trademark Office ("PTO"), acting in his 
official capacity. The Director is the head of the agency, charged by statute with providing 
management supervision for the PTO and for the issuance of patents. The Director is the official 
responsible for determining the period of patent term adjustment under 35 U.S.C. § 1 54. 

BACKGROUND 

8. Takaki Koga, Tsukasa Suzuki, and Hiroyuki Saito are the inventors of U.S. patent 
application number 10/522,086 ("the '086 application") entitled "Non-Neutralizing Anti-aPC 
Antibodies/' which was issued as the '965 patent on April 14, 2009. The '965 patent is attached 
as Exhibit A. 

9. Plaintiff Chugai is the assignee of the '965 patent, as evidenced by the assignment 
documents recorded in the PTO. 

10. Section 154 of title 35 of the United States Code requires that the Director of the 
PTO grant a patent term adjustment in accordance with the provisions of section 154(b). 
Specifically, 35 U.S.C. § 154(b)(3)(D) states that "|t]he Director shall proceed to grant the patent 
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after completion of the Director's determination of a patent term adjustment under the 
procedures established under this subsection, notwithstanding any appeal taken by the applicant 
of such determination." 

1 1 . In determining patent term adjustment, the Director is required to extend the term 
of a patent for a period equal to the total number of days attributable to delay by the PTO under 
35 U.S.C. § 154(b)(1)(A), (B), and (C), as limited by any overlapping periods of delay by the 
PTO as specified under 35 U.S.C § 154(b)(2)(A), any disclaimer of patent term by the applicant 
under 35 U.S.C. § 154(b)(2)(B), and any delay attributable to the applicant under 35 U.S.C. § 
154(b)(2)(C). 

12. The Director made a determination of patent term adjustment pursuant to 35 
U.S.C. § 1 54(b)(3) and issued the '965 patent reflecting that determination. 

13. On June 11, 2009, in accordance with 37 CF.R. § 1.705(d), Chugai filed an 
application for Patent Term Adjustment with the PTO to correct errors in the Director's 
determination. On September 29, 2009, in response to the application, the PTO adjusted its 
calculation providing an additional 88 days of adjustment. The PTO's "Letter Regarding Patent 
Term Adjustment and Notice of Intent to Issue Certificate of Correction" reflecting the new 
adjustment is attached as Exhibit B. 

14. Title 35 U.S.C. § 154(b)(4)(A) provides that <£ [a]n applicant dissatisfied with a 
determination made by the Director under paragraph (3) shall have remedy by a civil action 
against the Director filed in the United States District Court for the District of Columbia within 
180 days after grant of the patent. Chapter 7 of title 5 shall apply to such an action." 

CLAIM FOR RELIEF 

15. The allegations of paragraphs 1-14 are incorporated in this claim for relief as if 
fully set forth. 
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16. The patent term adjustment for the '965 patent, as determined by the Director 
under 35 U.S.C. § 154(b) and indicated on the face of the '965 patent (Ex. A) and Certificate of 
Correction (Ex. B), is 356 days. The determination of this 356-day patent term adjustment is in 
error because the PTO failed to properly account for delays that occurred pursuant to both 35 
U.S.C. § 154(b)(1)(A) and 35 U.S.C. § 154(b)(1)(B), to the extent such delays did not occur on 
the same days. The correct patent term adjustment for the '965 patent is at least 716 days. 

17. The c 086 application completed the requirements of 35 U.S.C. § 371 on October 
5, 2005, and issued as the '965 patent on April 14, 2009. 

18. Under 35 U.S.C § 154(b)(1)(A), the number of days attributable to PTO 
examination delay ("A Delay") is 360 days. Chugai does not contest this determination by the 
PTO. 

19. Under 35 U.S.C. § 154(b)(1)(B), the number of days attributable to application 
pendency in excess of three years ("B Delay") is 448 days. Chugai does not contest this 
determination by the PTO. 

20. Under 35 U.S.C. § 154(b)(2)(C), the number of days of applicant delay is 92 days. 
Chugai does not contest this determination by the PTO. 

21. 35 U.S.C. § 154(b)(2)(A) provides that "to the extent that periods of delay 
attributable to grounds specified in paragraph [b](l) overlap, the period of any adjustment . . . 
shall not exceed the actual number of days the issuance of the patent was delayed." There was 
no overlap between the "A Delay" period and the "B Delay" period in the prosecution of the 
'965 patent. ' 

22. The '965 patent is not subject to a disclaimer of term. Thus, the period of patent 
term adjustment is not limited under 35 U.S.C. § 154(b)(2)(B). 
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23. Accordingly, the correct patent term adjustment under 35 US.C. § 154(b)(1) and 
(2) is the sum of the "A Delay" and "B Delay" (360 + 448 = 808 days), reduced by the number 
of days of overlap of "A Delay" and "B Delay" (0 days) and applicant delay (92 days), for a net 
adj ustment of 7 1 6 days. 

24. The Director erred in the detenni nation of patent term adjustment by treating the 
entire period of U A Delay," and not only the period of "A' Delay" that occurred on the same 
calendar days as "B Delay," as the period of overlap between the "A Delay" and the "B Delay." 
Specifically, the Director erroneously discounted the 360-day "A Delay" period as overlapping 
with the period of "B Delay." Thus, the Director erroneously arrived at a net patent term 
adjustment of 356 days. 

25. In Wyeth v. Dudas, 580 F. Supp. 2d 138 (D.D.C. 2008), this Court explained the 
proper construction of the provisions of 35 U.S.C § 154(b) for determining patent term 
adjustment. In accordance with Wyeth, the patent term adjustment for the '965 patent is properly 
determined to be 716 days, as set forth above. 

26. The Director's determination that the '965 patent is entitled to only 356 days of 
patent term adjustment is arbitrary, capricious, an abuse of discretion, or otherwise not in 
accordance with the law and in excess of statutory jurisdiction, authority, or limitation. 

PRAYER FOR RELIEF 

Wherefore, Plaintiff demands judgment against Defendant and respectfully requests that 
this Court enter Orders: 

A. Changing the period of patent term adjustment for the c 965 patent term from 356 
days to 716 days and requiring the Director to extend the term of the '965 patent to reflect the 
7 1 6-day patent term adjustment. 
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B. Granting such other and future relief as the nature of the case may admit or 
require and as may be just and equitable. 



Dated: October 9, 2009 



Respectfully Submitted, 




Andrew R. Kopsidas, Bar No. 476237 
kopsidas@fr.com 

FISH & RICHARDSON P.C 
1425 K Street, N. W. 
Washington, D.C. 20005 
Telephone: 202-783-5070 
Facsimile: 202-783-2331 



Of counsel: 
Jack Brennan 

brennan@fr.com 
T. Tony Zhang 

zhang@fr.com 

FISH & RICHARDSON P.C. 
601 Lexington Avenue - 52nd Fl. 
New York, NY 10022-461 1 
Telephone: 212-765-5070 
Facsimile: 212-258-2291 

Janis K. Fraser 
fraser@fr.com 

FISH & RICHARDSON P.C, 
225 Franklin Street 
Boston, MA 02110-2804 
Telephone: 617-542-5070 
Facsimile: 617-542-8906 

Attorneys for Plaintiff 
CHUGAI SEIYAKU KABUSHIKI 
KAISHA (also known as Chugai 
Pharmaceutical Co., Ltd.) 
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NON-NEUTRALIZING ANTI-APC 
ANTIBODIES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is the National Stage of International 
Application No. PCT/JP2003/009037, filed Jul. 17 s 2003, 
which claims the benefit of Japanese Patent Application Ser. 
No . 2002-2 1 25S2 ? filed on Jul 22, 2002. The contents of both 
applications are hereby incorporated by reference in their 
entireties. 

TECHNICAL FIELD 

The present invention relates to non-neutralizing antibod- 
ies against activated protein C. 

BACKGROUND ART 

Venous thrombosis frequently occurs after major abdomi- 
nal surgery or leg joint arthroplasty. Currently, therapy is 
mainly preventive, using low-molecular-weight heparin and 
warfarin. However, treatment with low-molecufar-weight 
^heparin requires subcutaneous administration every' day. ?5 
Warfarin is given orally, but has an exceedingly high protein- 
binding rate, and this interactivity limits its combined use 
with other drugs. In addition, both drugs tend to cause bleed- 
ing. Thus, if there is an ami- thrombotic agent that is effective 
over n longer duration, and that does not produce heritor- 30 
rhagic tendencies, its administration immediately after opera- 
tion and just prior to discharge from the hospital can prevent 
thrombosis and improve quality of life (QOL) for patterns. 
The development of anti- thrombotic agents, particularly 
those effective over longer durations, is also anticipated for 55 
other types of thromboses, 

A thrombus is formed by the activation of platelets and the 
blood coagulation system. Jt is believed that platelets chiefly 
contribute to the formation of arterial thrombus, while the 
coagulation system mainly contributes to the formation of 40 
venous thrombus. Activation of the blood coagulation system 
brings about thrombin fonnation. which leads to the produc- 
tion of fibrin, a major factor in the thrombus network. Mean- 
while, thrombin alters its own properties upon binding to 
thrombomodulin on the surface of vascular endothelia, thus 45 
activating protein C (PC), 'lite activated PC (aPC) uses pro- 
tein S as a coenzyme to inactivate Factors Va and Villa, 
thereby suppressing the coagulation system. Furthermore, 
aPC comprises the activity of suppressing fibrinolysis-inhib- 
iting substances, such as PAI-1 (Plasminogen Activator 50 
Inhibitor-!) and TAR (Thrombin Activatable Fibrinolysis 
Inhibitor), and thus enhances the fibrinolysis system. PC ami 
aPC are thus presumed to play important roles in a negative 
feedback mechanism tor the activated blood coagulation sys- 
tem. Indeed, both congenital PC deficiency and aPC resis- 55 
iance due to Factor Va mutations can be causative factors in 
thrombosis, and thus aPC is expected to be effective in treat- 
ing and preventing thrombosis. 

Although there was no effective drug to treat sepsis, a 
recent study reported that recombinant aPC was effective in 60 
treating sepsis (N. Engl. J. Med. 2001, 344: 699-709). aPC 
has also been suggested to act on vascular endothclia and to 
comprise anti-inflammatory activity (J. Biol. Chem. 2001, 
276: 1 1 199-1 1203). In addition, the ami -inflammatory action 
in a sepsis model is reported to be based on an activity other 65 
than the suppression of thrombin production (J, Clin. Invest. 
1987,79:918-25). 
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The half-life of aPC in blood is very short (only 20 to 30 
minutes), requiring its continuous intravenous administration 
or long-term repetitive administration. The reason for this 
short half-life is that aPC is irreversibly inactivated by physi- 
s ological inhibitors in the body, such as protein C inhibitor 
(PCI) or al-antitrypsin (AAT). Even if PC the precursor of 
a PC. is used in preparations, its half-life in vivo is as short as 
six to eight hours. Therefore, such preparations should be 
administered continuously or frequently, which is inefficient' 
!0 from the viewpoint of healthcare economics, 

DISCLOSURE OF THE INVENTION 

As described above, 3 PC functions to feedback on the 
1 s blood coagulation system, and aPC generation and action are 
constrained to local regions where the coagulation system has 
been activated. Accordingly, when systemically adminis- 
tered, a PC must be given continuously at high doses to deliver 
it to the local regions where aPC is needed, and to compensate 
for its consumption, caused by inactivation. An efficient agem 
could potentiate the activity of aPC produced locally and 
endogenous!)', lite action of such an agent would be limited 
to the local region, and prolonged even when given as a single 
low dose administration, because (he agent itself is usually 
not consumed, in tins context, the present inventors devel- 
oped an agent which can potentiate the action of endogenous 
<>PC by suppressing a PC innervation and extendi.ua aPC half- 
life. 

To this end, the present inventors cloned hybridomas that 
produced monoclonal antibodies against aPC. The inventors 
screened the hybridomas on a large scale for antibodies sup- 
pressing aPC inactivation in blood, and succeeded in isolating 
nntj-aPC antibodies that st rongly suppressed a PC inact iva- 
tion. llTtese antibodies were also confirmed to suppress aPC 
inactivation caused by PCI. The antibodies of the present 
invention suppress the action of the blood coagulation system 
by suppressing aPC inactivation, and thus are higiijy useful in 
treating and preventing thrombosis. The antibodies of the 
present invention can also be used in combination with aPC. 
or used alone as therapeutic agents for sepsis or such to 
potentiate aPC activity by suppressing aPC inactivation in 
blood. 

Specifically, the present invention relates to auti-aPC anti- 
bodies that suppress aPC inactivation, and uses thereof. More 
specifically, the present invention relates to: 
0 ) an antibody against protein C or activated protein C (a PC), 
comprising the activity of potentiating an activity of acti- 
vated protein C in vivo; 

(2) an antibody against protein C or activated protein C, 
comprising the activity of suppressing the inactivation of 
activated protein C in vivo; 

(3) an antibody against protein C or activated protein C. 
comprising the activity of suppressing: (a) die inactivation 
of activated protein C caused by blood or (b) the inactiva- 
tion of activated protein C caused by a physiological 
inhibitor of activated protein C. or both (a) and (b); 

(4) the antibody of (3), wherein the physiological inhibitor of 
activated protein C is a serine protease inhibitor (SER PIN); 

(5) the antibody of (4), wherein the serine protease inhibitor 
(SERPIN) is a protein C inhibitor or al -antitrypsin; 

(6) the antibody of any one of (I ) to (3). comprising a comple- 
mentarity -detennining region comprising any one of the 
amino acid sequences of (a) to (f). or a complementarity- 
detennining region functionally equivalent thereto: 

(a) the amino acid sequences ofSEQ ID NOs: 9, I0 ; and 1 1 ; 

(b) the amino acid sequences of SEQ ID NOs: 21. 22. and 23; 

(c) die amino acid sequences of SEQ ID NOs: 31 , 32, and 33; 
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(d) the amino acid sequences of SEQ ID NOs; 24, 25, and 34; 

(e) the amino 3cid sequences of SEQ ID NOs: 1 5, 16, and J 7; 
and 

(I) the amino acid sequences of SEQ ID NOs: 27, 28 } and 29: 

(7) the antibody of any one of (1) to (3), wherein the antibody 
is selected from the group consisting of a human antibody, 
humanized antibody, chimeric antibody, ami body frag- 
ment, single-chain antibody, and diabody; 

(8) a composition comprising the antibody of any one of (1 ) to 
(3). and a pharmaceutical ly acceptable carrier; 

(9) the composition of (8). further comprising protein C and' 
or activated protein C; 

(10) the composition of (8) or (9). wherein the composition is 
a pharmaceutical composition thai can be used to prevent 
or treat a disease which is developed and/or advanced upon 
a decrease or loss of an activity of activated protein C; 

(I I ) the composition of (J U). wherein the disease is developed 
upon the enhancement of the blood coagulation reaction 
and/or mflamniatory reaction: 

(12) the composition of (1 1), wherein the disease developed 
upon the enhancement of the blood coagulation reaction 
and/or inflammatory reaction is selected from, the group 
consisting of sepsis, disseminated intravascular coagula- 
tion syndrome, arterial thrombosis, and venous thrombo- 
sis; 

( i 3) a method for producing protein C or activated protein C 
whose inactivation has been suppressed, comprising the 
step of contacting the antibody of any one of ( J ) to (3) with 
protein C or activated protein C; 

(14) a method for preventing or treating a disease developed 
and/or advanced upon a decrease or loss of an activity of 
activated protein C comprising the step of administering: 
(a) protein C anoVor activated protein C, and (b) the anti- 
body of any one of (I) to (3); and 

(1 5) a kit for preventing or treating a disease developed and/or 
advanced upon a decrease or loss of an activity of activated 
protein C. wherein the kit comprises (a) at least one 
selected from the group consisting of protein C, activated 
proiein C, and an antibody of any one of (i) to (3), and (b) 
a recording medium comprising a description about a com- 
bined use of the antibody with protein C and/or activated 
protein C in a therapeutically effective amount, or a link to 
the description. 

Hie present invention provides non-neutralizing anti-aPC 
antibodies that suppress aPC inactivation and extend its half- 
life, lhe present inventors discovered that among the non- 
neutralizing antibodies against a PC existed antibodies that 
could potentiate the anticoagulant activity of aPC by prevent- 
ing it from being inactivated by PCJ or AAT in blood, thus 
extending aPC's in vivo life. Herein, the term "aPC inactiva- 
tion'* refers to a decrease or loss in aPC*s biological activity. 
Specifically, the term "aPC inactivatioifrefers to irreversible 
inactivation of aPC by blood or by an in vivo physiological 
inhibitor, such as PC J and AAT. Specifically, the term "a PC 
inactivation'' refers to the inactivation of, for example. aPC's 
anticoagulant activity. aPC can be inactivated, for example, 
by incubating ii in blood plasma. aPC can also be inactivated 
by contacting it with an in vivo inhibitory substance, such as 
PCI and AAT. The antibodies of the present invention are 
those that suppress aPC inactivation by blood plasma and/or 
by a physiological aPC inhibitor (for example. PCI). An anti- 
body of the present invention can be used to suppress aPC 
inactivation in vivo, and to potentiate the in vivo activity of 
activated protein C relative to that in the absence of the 
antibody. The suppression of aPC inactivation by an antibody 
can be measured by a method described in the Examples, or 
by an alternative method. Specifically, for example, aPC is 
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incubated with a test antibody, and at lhe same lime, or after 

- this incubation, ii is further incubated with blood plasma or an 
aPC inhibitor, such as PCI. and aPC activity is then deter- 
mined. An antibody which decreases the degree of aPC inac- 

5 tivation as compared to a control, in which aPC is incubated 
with blood plasma or the aPC inhibitor but not with the 
antibody, is considered to comprise the activity of suppress- 
ing a PC inactivation. aPC activity includes anticoagulant 
activity, which can be Quantified, for example, by using a 

io known method to measure APTT (activated partial thrombo- 
plastin time). Alternatively, a PC activity can be assayed using 
a low-molecular- weight compound, such as the chromogenic 
substrate pyroGlu-PrtvArg-pNA.f IC1 (S-2366). 
Physiological aPC inhibitors include, tor example, serine 

! 5 protease inhibitors (SBRPINs), and specific examples of such 
inhibitors include protein C inhibitor (PCI. Suzuki. K. et ai., 
J. Biol. Chem.. 258, 163-168, 1983; Suzuki, K... Fibrinolysis 
Proteolysis, 14, 133-145, 2000; Suzuki, K. et al. f J. Bio!. 
Chem., 262, 6.1 1 -6 1 6, 1 987; Zcchmeister-Machhart. M. etal., 

20 Gene, .186, 61-66, 1997; Wakita. T, et af, FEBS Lett., 429, 
263-268, 1998; Yuasa. J. et al., Thromb, Haemost. 83 ? 262- 
267. 2000) and al -antitrypsin (AAT. Heeb, M. J. and Griffin, 
J. H, J. Biol. Chem,, 263, 1 16J3-1 1616, 1988). 

The present invention also provides antibodies against 

25 aPC. which can be prepared by the steps of; 

i) determining the inactivation by blood of aPC that is free of 
or bound to an anti-aPC antibody; and 

ii) selecting an antibody which suppresses the inactivation of 
aPC when bound to it, compared to aPC not bound to that 

30 antibody. 

The present invention also provides antibodies against 
a PC, which can be prepared by the steps of: 
i) determining the inactivation by an aPC inacti valor of aPC 
that is free of or bound to an anti-arc antibody; and 
35 ii) selecting an antibody which suppresses the inactivation of 
a PC when bound to it compared to a PC not bound to that 
antibody. 

The blood may be whole blood or plasma. The aPC inac- 
tivator includes physiological aPC inhibitors, for example, 

40 PCI and AAT. An antibody against aPC is bound to aPC by 
contacting the two in a solution, for example, by incubating a 
solution comprising the two for five minutes to several hours 
(for example, for about one hour), a PC can be inactivated by 
blood or an aPC inaetivator by, for example, contacting aPC 

45 with b lood or the aPC inhibitor; for example, by incubating a 
solution containing the two for five minutes to several hours 
(for example, for about one hour). 

The anti-aPC antibodies of the present invention may be 
monoclonal antibodies (including full-length monoclonal 

50 antibodies), polyclonal antibodies, or mutant antibodies 
derived from these antibodies. Monoclonal antibodies are 
preferable because they are homogeneous and stably pro- 
duced. 

Herein, "monoclonal antibody" refers to an antibody 
55 obtained from a group of substantially homogeneous antibod- 
ies, that is, an antibody group wherein the antibodies consti- 
tuting the group are homogeneous except for naturally occur- 
ring mutants that exist in a small amount. Monoclonal 
antibodies arc highly specific and interact with a single anti- 
60 genic site. Furthermore, each monoclonal antibody targets a 
single antigenic determinant (epitope) on an antigen, as com- 
pared to common polyclonal antibody preparations that typi- 
cally contain various antibodies against diverse antigenic 
determinants. In addition to Uieir specificity, monoclonal 
65 antibodies are advantageous in that ihey are produced from 
hybridoma cultures not contaminated with other immunoglo- 
bulins. The qualifier '•monoclonal*' indicates a characteristic 



Case 1 :09-cv-01 928-RJL Document 1 -2 Filed 1 0/09/2009 Page 7 of 36 



US 7,517,965 B2 

5 6 

of antibodies obinined from a substantially homogeneous its partial peptides, can be used without modification, or after 

group of antibodies, and does not specify antibodies produced being conjugated with a carrier protein. When a carrier pro- 

by a particular method. For example, a monoclonal antibody tein is used, for example, the antigen aPC is first coupled with 
to be used in the present invention can be produced by, for the carrier protein (for example, thyroglobulin), and then an 
example, hybridoma methods (Kohler and Milstein. Nature 5 adjuvant is added thereto. Such adjuvants include Freund's 

256:495, 1975) or recombination methods (U.S. Pat. No. complete and incomplete adjuvants and the like, any of which 

4,816.567). The monoclonal antibodies used in the present can be combined together. 

invention can be also isolated from a phage antibody library An antigen prepared as described above is given to a mam- 

(Clackson et ah. Nature 352:624-628, 1 99 1 ; Marks et al., J. mal, such as a mouse, rat, hamster, guinea pig, horse, monkey, 

Mol. Bio) . 222:58 1 -597. 1991). The monoclonal antibodies 10 rabbit, goat, and sheep. This immunization can be performed 

of the present invention particularly comprise '"chimeric" by any existing method, including typically used intravenous 

antibodies (immunoglobulins), wherein a part of a heavy (H) injections, subcutaneous injections, and intraperitoneal injec- 

chain and/or light (L) chain is derived from a specific species tions. There are no restrictions as to the immunization inter- 

or a specific antibody class or subclass, and the remaini ng vals. Immunization may be carried out at intervals of several 

portion of the chain is derived from another species, or is days to several weeks, preferably four to 2! days. A mouse 

another antibody class or subclass. Furthermore, mutant anii- can be immunized, for example,, at a single dose of 1 0 to \ 00 

bodies and antibody fragments thereof are also comprised in ug (for example, 20 to 40 ug) of the antigen protein, but the 

the present invention (U.S. Pat. No. 4.816,567: Morrison et dose is not limited to these values. 

al, Proc. Natl. Acad. Sci. USA 81 :685 1 -6855. 1 984). Before the first immunization, and three to seven days after 
Herein, "mutant antibody" refers to an antibody compris- 20 the second and subsequent immunizations, blood is collected 
ing a variant amino acid sequence in which one or more i>om the animals, and the sera are «nalyzed for antibody titer, 
amino acid residues have been altered. For example, the vari- To promote an immune response, an aggregating agent such 
able region of an antibody can be modified to improve its as alum is preferably used. In general, selected mammalian 
biological properties, such as antigen binding. Such modifi- antibodies have sufficiently high antigen binding aflinity. 
cations can be achieved by site-directed mutagenesis (see 25 Antibody affinity can be determined using a saturation bind- 
Kunkel Proc. Natl. Acad. Sci. USA 82: 488 (J 9$5)% PGR- ing assay, an enzyme-linked immunosorbent assay (EL ISA), 
based mutagenesis, cassette mutagenesis, and the like. Such or a competitive assay (for example, radiounnumoassdy). 
mutants comprise an amino acid sequence which is at least Polyclonal antibodies can be screened by a conventional 
70% identical to the amino acid sequence of a heavy or light cross! inking analysis, such as that described in ''Antibodies, 
chain variable region of the antibody; more preferably at least 30 A Laboratory Manual (Cold Spring Harbor Laboratories, 
75%, even more preferably at least 80%, still more preferably Harlow and David Lane edit. (1 988))". An alternative method 
at least 85%, yet more preferably at least 90%, and most is, for example., epitope mapping (Champe et of. j. Biol, 
prefera b ly at least 95% identiea 1 . Herein, sequence identity is Chem , 270: 1 3 88- 1 394 ( 1 995)). A preferred method for deter- 
defined as the percentage of residues identical to those in the mining polypeptide or antibody titers comprises quantifying 
antibody's original amino acid sequence, determined after 35 antibody-binding affinity, hi other embodiments, methods for 
the sequences are aligned and gaps are appropriately intra- assessing one or more biological properties of an antibody a re 
duced to maximize the sequence identity as necessary. also used in addition to or instead of the methods for deter- 
Specifically, the identity of one nucleotide sequence or mining antibody-binding affinity. Such analytical methods 
amino acid sequence to another can be determined using the are particularly useful because Uiey demonstrate the thera- 
algorithm BLAST* by Karlin and Altschui (Pipe. Natl. Acad. 40 peutic effectiveness of antibodies. When an antibody exhibits 
Sci. USA, 90: 5873-5877. ] 993). Programs such as BLAS't'N an improved property in such analysis, its binding affinity is 
and BLASTX were developed based on this algorithm (Alts- general ly, but not always, enhanced, 
chul et a I., J. Mol. Biol. 215: 403-410, 1990). To analyze Hybridoma s which are used to prepare monoclonal ami- 
nucleotide sequences according to BLASTN based cn bodies can be obtained, for example, by the method of Mil - 
BLAST, the parameters are set, for example, as score™! 00 45 stent et al. (Kohler, G,, and Milstein, C> Methods Enzymol. 
and word length™ 12. On the other hand, parameters used for 1981, 73, 3-46). Myeloma cells to be fused with antibody- 
the analysis of amino acid sequences by BLASTX based on producing cells may be cell lines derived from any of the 
BLAST include, for example, score=^50 and wordlength-3. various animals, such as mice, rats, and humans, which are 
De fault parameters for each program are used when using the generally available to those skilled in the art. The cell lines to 
BLAST and Gapped BLAST programs. Specific techniques 50 be used are drug-resistant, and cannot survive in a selective 
for such analyses are known in the art (see the website of the medium (e.g. . HAT medium) in on unfused state, but can 
National Center for Biotechnology Information (NCB1), survive in a fused state. 8 -azaguanine-resi slant cell lines are 
Basic Loca l Alignment Search Tool (BLAST); http:/Avw- generally used, which are deficient in hypoxantliine-guaninc- 
w.ncbi.nim nih.gov) phosphoribosyl transferase and cannot grow in a hypoxau- 
Polyclonal and monoclonal antibodies can be prepared by 55 miiic-aminopterin-thymidme (HAT) medium. Preferred 
methods known to those skilled in the art. For example, the myeloma cells include a variety of known cell lines, for 
antibodies can be prepared by the methods described below. example, P3x63AgS.653 (J. Immunol, (1979) 123: 1548- 
aPC to be used for the immunization of animals includes 1550), P3x63Ag8U.l (Current Topics in Microbiology and 
the full-length aPC. comprising its entire amino acid Immunology (1978) SI : 1 -7), NS-l (Kohler, G. and Milstein', 
sequence, or its partial peptides, which arc prepared by 60 C, Eur. J. Immunol. (1976) 6: 511 -5 19), MPC-I I (Margulies. 
recombinant DNA techniques or chemical synthesis. The D. H. et al. Cell (1 976) 8: 405-415). SP2/0 (Shulman, M. et 
amino acid sequences of the aPCs of humans and other mam- al., Nature (1978) 276: 269-270), F0 (de St. Groth, S. R et al.. 
mals are known (Mather, T. et al., EMBO J. 15:6822-6831 .!« Immunol. Methods (1980) 35: 1-21),S194 (Trowbridge, I. 
(1996); Foster, D.C, Proa Natl. Acad. Sci. 82:4673-4677 S.J. Exp. Med. (1978) 148: 313-323), R210(Gatfre, G.etal., 
(1985)). For example, commercially available aPC (protein C 65 Nature (1979) 277: 131-!33) J aod P3U1 (J. Exp. Med. 1979, 
from human plasma, activated, SIGMA. #P2200) can be used 1 50:580; Curr Top Microbiol. Immunol. 1 978, 81:1). Human 
as the antigen. As the antigen for immunization, aPC itself, or myeloma and mouse-human heteromycloraa cell lines can 
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also be used to produce human monoclonal antibodies potentiate the anticoagulant activity of aPC. AJ tentatively, 
(Kov:bar, J- Immunol , 1 33 :300 1 (1 984); Brodeur et a! . , Mono- aPC inactivat ion is assessed by combi ning aPC wit h AAT or 
clonal Antibody Production Techniques and Application, pp. PCI, to select antibodies which inhibit aPC inactivation by 
51-63 (Marcel Dekker, Inc.. New York 5 198?)). Antibody- AAT and/or PCI. For example, when the assay comprises the 
producing cells are collected, for example, from animals sac- 5 use of antibodies prepared from antibody-producing cells (for 
rificed two to three days after the final immunization. Ami- example, hybridomas), the antibody-producing cells wluch 
body-producing cells include spleen cells, lymph node cells, produce antibodies comprising the activity of interest are 
and peripheral blood cells. Spleen cells are generally used. identified and cloned by the limiting dilution method. "Hie 
Specifically, tissues such as spleens or lymph nodes are eloues are grown using standard methods (Goding, Mono- 
excised or collected from the various animals described 1Q clonal Antibodies: Principals an Practice, pp. 59-103. Aca- 
above. Then, the tissues are crushed and the resulting material demic Press, 1 986). The cells may be cultured in a medium, 
is suspended in a medium or buffer, such as PBS, DMEM, or for example. D-MBM or RP1M-1640 medium. Stich anti- 
RPMl J 640. followed by filtration with a stainless mesh or the body-producing cells can be cloned by repcati ng the screen- 
like. This is then centrintged to obtain antibody -producing ing. which comprises selecting cells (for example, hvbrtdo- 
cells of interest. 15 mas) that produce antibodies which more strongly suppress 

The above-described myeloma cells and ami body- produc- a PC inactivation. 

ing cells are men fused, Cell fusion is achieved by contacting The antibodies of the present invention are antibodies that 

the myeloma ceils with the antibody-producing ceils at a ratio suppress aPC inactivation caused by blood or an aPC inhibi- 

of 1:1 to 1:20 in a medium for animal cell culture, such as tor. The level of suppression is defined as the inactivation 

MEM, DMEM, and RPM.I- 1640. at 30 to 37° O for one to 15 20 suppression rate (%). The level is expressed as a relative 

minutes in the presence of a lusion-promoting agent. To pro- value, taking the activity of aPC inactivated by blood or an 

mote cell fusion, the antibody-producing cells and the aPC inhibitor as 0%, and thai of aPC without inactivation as 

myeloma cells may be fused using a commercially available 100%. 

cell-fusion device, using a fusion -promo ting agent, such as The inactivation suppression rate maybe determined under 

polyethylene glycol (mean molecular weight 1.000 to 6.000 2$ optimal conditions by appropriately changing the antibody 

(Da)) or polyvinyl alcohol, or a vims for fusion, such as concentration. Specifically, the rate can be determined as 

Scndai virus. follows: 10 pL of 10 pg/mL aPC (for example, SIGMA. 

Hybridomas of interest are selected from the cells after cell P-2200) solution is combined with 40 pL of an antibody 

fusion, "flie selection methods include methods using selec- solution (e.g., a hybridoma culture supernatant, yielded dur- 

tive propagation of cells in a selective medium. Specifically, 30 ing hybridoma screening) or a control solution without anti- 

a cell suspension is diluted with an appropriate medium, and body (e.g.. culture supernatant of myeloma cells, or HAT 

then the ceils are plated on to microliter plates. An aliquot of medium). The resulting mixture is incubated at room rem- 

selection medium (for example,. HAT medium) is added to perature for a certain period of time (for example, for 60 

each well, and then the cells are cultured while the selection minutes). 50 uL of blood plasma (e.g., standard human 

medium is appropriately exchanged. The cells grown as a 35 plasma) is added to the mixture and also incubated at room 

result can be saved as hybridomas. temperature for a certain period oflime (for example, for 60 

In another embodiment, antibodies or antibody fragments minutes). 50. pL of APTT reagent (e.g., DADE BEHRINO, 

can be isolated from an antibody phage library, produced by GAA-200A) is added to the mixture. The blood coagulation 

using the technique reported by McCafferry et al, (Nature time for an sPC sample incubated without blood plasma is 

348:552-554 (1990)). Clackson et al. (Nature 352:624-628 40 determined by adding aPC to blood plasma immediately prior 

(1991)) and Marks et al . (J. Mol. Biol. 222:581-597 (1991)) to the addition of APTT reagent. For example, 50 uL of 20 

reported on the respective isolation of mouse and human mmol/L CaQ 2 (e.g., DADE BEl JRJNG, GMZ-3 10) is added 

antibodies from phage libraries. There are also reports that to the solution after incubation at 37° C. for three minutes, and 

describe the production of high affinity (nM range) human the time required for coagulation is then determined. Blood 

antibodies based on chain shu filing (Marks et al., Bio/Tech- 43 coagulation time can be determined using an automatic ana- 

nology 10:779-783 (1992)), and combinatorial infection and lyzer for blood coagulation (e.g. ; Amclung. KC-10A), or 

in vivo recombination, which are methods for constructing such. 

large-scale phage libraries (\Vaferhouse et a). f Nucleic Acids Coagulation time (a) is taken as \ 00% when aPC incubated 

Res. 2.1 :2265-2266 (1993)). These technologies can also be without blood plasma is added, and coagulation time (b) is 

used lo isolate monoclonal antibodies, instead of using con- 50 taken as 0% when aPC incubated with blood plasma is added 

ventional hybridoma technology Ibr monoclonal antibody after incubation with a control solution without antibody 

production, (e.g., the supernatant of myeloma cell culture described 

The non-neutralizing anti-aPC antibodies of the present above). Based on the coagulation time (c), when aPC incu- 

inveution can be selected, for example, by the screening bated with blood plasma is added after incubation with an 

method described below: 55 antibody solution, such as a hybridoma culture supernatant, 

1st Screenin ^ e ^'^xty solution, such as the hybridoma culture super- 

s creening . natant, is assessed for its activity to extend coagulation time: 

To select antibodies which bmd to aPC, each antibody is r .* . m - x u . s:/ :\i . 

, - P . \ , * - (inactivation suppression rale (%W(c-bV(a~b)}x 100) . As 

assessed ior its bind ing specificity using a known technique, \. . . vv tt i lv . 

such as EIA (enzyme immunoassay), WA (mdioimmunoas' Ul,s ; iheactm^ofsuppressmgaPCinacnva- 

«a Rriu/.I m ..i!nUHi mm ;,LA;. 1 ,««» ul htpp 60 uon is judgedio be higher. Likewise, when aPCacnvuy ,.s 



say), ELISA (enzyme- 1 inked immunosorbent assay), HTRF 
(homogenous time-resolved fluorescence), or fluorescence 



assessed using a substrate compound, such as S-2366, the 



: b ., .. A T , . K J- . njrf . inactivation suppression rate (%) can be determined by 

umnunoassay (AntibodiesA Laboratory Manual. EdHar low. ™~ ♦ • -.t » L f 

David Lane Cold S rin Harbor 1 aboratorv 1 988) " assessing aPC activity in comparison with the activity of aPC 

avi ane. .o pnng a or ^a ora ory, j. inactivated by blood plasma but incubated without antibody, 
2nd Screening 65 and the activiry oiaPC incubated without blood plasma. Hie 

A PIT (activated partial thromboplastin time) is deter- inactivation suppression rale (%) for an antibody of the 

mined using human blood plasma, to select antibodies which present invention is preferably ten or higher, more preferably 
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15 or higher, more preferably 18 or liigher. more preferably 
20 or higher, more preferably 25 or higher, more preferably 
30 or higher, more preferably 35 or higher, more preferably 
40 or higher, more preferably 45 or higher, and more prefer- 
ably 50 or liigher. 5 

Iu addition, an antibody of the present invention preferably 
comprises the activity of inhibiting aPC inactivation by an 
aPC inhibitor, such as PCI or AAT. *I*his activity can be 
determined by chroniogenic assay using a low -molecular- 
weight substrate. For example. 40 uL of a solution of a pun- to 
lied antibody and 10 uL of 1 0 ug/mL aPC solution are com- 
bined and incubated at room temperature for 60 minutes. 50 
uL of the mixture containing a IX* and the antibody is added to 
a buffer (final concentrations: 70 mmol/L Tris (pH 8.0), 
125mmol/L Nad, 10 mmot/L CaO* and0.1% BSA) com- i5 
prising 10 U heparin, and the total volume is adjusted to 1 80 
uL. 20 uL of 100 pgmiL recombinant PCI (with Flag tag) is 
added to the mixture, and the resulting mixed solution is 
incubated at 37° C. lor 30 minutes. 50 fiL of the low-molecu- 
lar-wcight substrate S-2366 (2 mmol/L) is added to the mix- 20 
lure. The absorbanee (at 405 tun) of the resulting mixture is 
determined after 60 minutes. 

As PCI is added, absorbance is decreased compared to.thai 
o/aPC in the absence of PCI. The relative activity of the 
antibody is determined based on the mean absorbance. taking 25 
aPC activity in the presence of PCI as 0%, and aPC activity in . 
the absence of PCI as 100%. For an antibody of the present 
invention, the relative value is preferably one or higher, more 
preferably two or liigher, more preferably three or higher, 
more preferably five or higher, more preferably seven or 30 
higher, more preferably ten or higher, and more preferably 
twelve or higher. 

An antibody of the present invention may be an antibody, 
for example, comprising anticoagulant activity assessed hy 
the APTT assay using blood plasma described above, or the 3s 
activity of inhibiting aPC inactivation by PCI described 
above. More preferably, an ant ibody of t he present invention 
comprises both activities. Specifically, a preferred antibody 
of the present invention is an antibody which suppresses aPC 
inactivation by blood and by an aPC inhibitor. 40 

An antibody of the present invent ion may be an antibody, 
for example, which binds to an aPC site with which a physi- 
ological aPC inhibitor interacts. Such amino acids of aPC 
have been identified, and include, for example, Ell 5, S216, 
and S336 (Shen, L. ? Biochemistry 39;2S53-2860 (2000)). An 45 
antihody of the present invention may be an a ntibody which 
binds to any of these amino acids in aPC, or near to these 
amino acids (e.g., within a range often amino acids). Such an 
antibody can be prepared by synthesizing an oligopeptide that 
comprises a target portion of aPC, and immunizing animals 50 
with the peptide as an antigen. Known active sites of aPC are 
H2I1, D257, and S360 (Foster, D. C, Proc. Natl. Acad. Sci. 
USA 82:4673-4677 (1985)). Antibodies which bind to any of 
the regions comprising these amino acids are unfavorable, 
since such antibodies may inhibit the activity of aPC. 55 

Methods for preparing monoclonal antibodies from the 
obtained hybridomas include standard cell culture methods 
and methods comprising ascites production, in cell culture 
methods, hybridomas are cultured for two to 1 4 days under 
standard culture conditions (for example, at 37° C. at 5% C0 2 60 
annosphere), in a culture medium for animal cells, such as 
RPMI-1640 or MEM containing 10 to 20% fetal calf serum, 
or serum-free medium, and antibodies are then prepared from 
the culture supernatant. In the method comprising ascites 
prodiiction, hybridomas are administered to the peritoneal 55 
cavities of mammalian individuals of the same species as that 
from which the myeloma cells are derived, and the hybrido- 
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mas proliferate in to large quantities. Ascites or serum is then 
collected after one to four weeks. To enhance ascites produc- 
tion, for example, pristane (2,6,10, J 4-tetramethylpentade- 
cane) may be pre-administered to the peritoneal cavity. 

Antibodies to be used in the present invention can be puri- 
fied by a method appropriately selected from known methods, 
such as the proicin A-Scpharose method, hydroxyapatite 
chromatography, salting-out method with sulfate, ion 
exchange chromatography, and affinity cliromatography, or 
by the combined use of the same. 

The present invention may use recombinant antibodies, 
produced by gene engineering. The genes encoding the anti- 
bodies obtained by a method described above are isolated 
from the hybridomas. The genes are inserted into an appro- 
priate vector, and then introduced into a host (see. e.g.. Carl. 
A. K. Borrebaeck, James, W. La trick. Therapeutic Mono- 
clonal Antibodies, Published in the United Kingdom by Mac- 
millan Publishers Ltd, 1990). The present invention provides 
the nuc leic acids encoding the antibodies of the present inven- 
tion, and vectors comprising these nucleic acids. Specifically, 
using a reverse transcriptase, cDNAs encoding the variable 
regions (V regions) of the antibodies are synthesized from the 
mRNAs of hybridomas. After obtaining the DNAs encoding 
the variable regions of antibodies of interest they are ligated 
with DNAs encoding desired constant regions (C regions) of 
the antibodies, and the resulting DNA constructs are inserted 
into expression vectors. Alternatively, the DMAs encoding the 
variable regions of the antibodies may be inserted into expres- 
sion vectors comprising the DMAs of the antibody C regions. 
These are inserted into expression vectors so that the genes 
are expressed under the regulation of an expression regula- 
tory region, for example, an enhancer and promoter. Then, 
host cells are transformed with the expression vectors to 
express the antibodies. The present invention provides cells 
expressing antibodies of the present invention. Hie cells 
expressing antibodies of the present invention include cells 
and hybridomas transformed with a gene of such an antibody. 

A particularly preferred antibody of the present invention 
binds to an epitope that overlaps with (or is identical to) any 
of the monoclonal antibodies isolated in the Examples (Table 
1). In the present invention, such an antibody is referred to as 
an "antibody that binds to a substantially identical site". Por 
example, an antibody which binds to a site substantially iden- 
tical to a site in aPC to which a monoclonal antibody 
described in the Examples binds, can be obtained by analyz- 
ing epitopes of the above-described monoclonal antibody 
using a known method of epitope mapping using partial aPC 
peptides or the 1 ike. and then preparing antibodies that bind to 
a peptide comprising the identified epitope, which is used as 
an antigen. Such an antibody is expected to comprise a sup- 
pressing activity similar to that of the antibodies isolated as 
preventing the decrease of aPC activity in the Examples. 
Competitive assays, for example, can be used to determine 
whether or not two antibodies bind to a substantially identical 
site on an antigen protein. Specifically, when the binding of 
the first anti-aPC antibody with aPC is competitively inhib- 
ited by the second anti-arc antibody, the first antibody and 
the second antibody can be judged to bind to a substantially 
identical site in the antigen. Thus, the present invention 
includes antibodies which bind to a site substantially identical 
to a site in aPC to which an antibody isolated in the Examples 
binds, and which comprise the activity of inhibiting aPC 
inactivation by blood and/or by an aPC inhibitor. 

The antibodies of the present invention also include anti- 
bodies which comprise the complementarity-detenmning 
regions (CDRs) of any of the monoclonal antibodies isolated 
in the Examples (Table 1), or complementarity -determining 
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regions functionally equivalent thereto. The term "function - 
ally equivalent" refers to comprising amino acid sequences 
similar to the amino acid sequences of CDRs of any of the 
monoclonal antibodies isolated in the Examples, and com- 
prising the activity of inhibiting aPC inactivation by blood 
and/or by tin aPC Inhibitor. The term "CDR" refers to a region 
in an antibody variable region (also called "V region"); and 
determines the specificity of antigen binding. The H chain 
and L chain each have three CDRs. designated from the N 
terminus as CDR 1 , CDR2, and CDR3. There are four regions 
flanking these CDRs: these regions are referred to as " frame- 
work", and their amino acid sequences are highly conserved. 
The CDRs can be transplanted into other antibodies, and thus 
a recombinant antibody can be prepared by combining CDRs 
witli the framework of a desired antibody. One or more amino 
acids of a CDR can be modified without losing the ability to 
bind to its antigen. For example, one or more amino acids in 
a CDR can be substituted, deleted, and/or added. 

An amino acid residue is preferably mutated into one that 
allows the properties of the amino acid side-chain to be con- 
served. Examples of the properties of amino acid side chains 
comprise: hydrophobic amino acids (A,. I, L, M, F, R W. Y. V). 
hydrophilic amino acids (R, D, N. C, E. Q. G, H, K, S, T), and 
amino acids comprising the following side chains: aliphatic 
side-chains (G, A, V, L. 1. P); hydroxy! group-containing 
side-chains (S, T, Y); sulfur atom-containing side-chains (C, 
M); carboxylic acid- and amide-coutaming side -cha ins (D. N, 
B, Q); base containing side-chains (R, K, H): and aromatic - 
containing side-chains (H, F. Y. W). (The letters within paren- 
thesis indicate the one-letter amino acid codes,) Amino acid 
substitutions within each group are called conservative sub- 
stitutions. H is well known that a polypeptide comprising a 
modi Med amino acid sequence in which one or more amino 
acid residues is deleted, added, and/or substiuited can retain 
the original biological activity (Mark D. F. etal., Proc. Natl. 
Acad. Set. U:S.A. 81:5662-5666 (1.984); Zoller M J. and 
Smith M. 5 Nucleic Acids Res. 10: 6487-6500 (1982); Wang 
A. el aL Science 224: 1 43 1 - 1 433; Dalhadie-McFarland G. et 
ah, Proc. Natl. Acad. Sci. U.S.A. 79: 6409-6413 (1982)). Tiie 
numherof mutated amino acids is not limited, but in general, 
the number falls within 40% of amino acids of each CDR, and 
preferably within 35%, and still more preferably within 30% 
(e.g., within 25%). The identity of amino acid sequences can 
be determined as described herein. 

The antibodies of tbe present invention include antibodies 
which comprise CDRs functionally equivalent tothe CDRs of 
#79.. #123. #281, or #285.. described in the Examples. Such 
antibodies include, for example, antibodies which comprise 
three CDRs comprising the amino acid sequences. DSYMN 
(SEQ ID NO: 9), EVYPBTGNSYYNEK.FKG (SEQ ID NO: 
10), and GGTGFDY (SEQ ID NO: 1 1), or CDRs functionally 
equivalent to these CDRs. Hie amino acid sequences shown 
above correspond to CDR], CDR2. and CDR3 of the anti- 
body H chain, respectively. An antibody of the present inven- 
tion can be prepared by substituting these CDRs for the cor- 
responding CDR1, CDR2 ; and CDR3 between the 
framework of a desired heavy chain variable region. Each of 
the amino acids in the above-described CDRs may be appro- 
priately changed by amino acid substitution or such. For 
example, the antibodies of the present invention include anti- 
bodies comprising each of the CDRs whose amino acids have 
been conservatively substituted. Such antibodies are 
expected to have an activity equivalent to that of clone #79. 

In an above-described antibody comprising heavy chain 
CDRs, the CDRs can be combined with appropriate variable 
regions of an antibody L chain. L chain CDRs preferably 
combined with heavy chain CDRs are, for example. CDRs 



comprising the amino acid sequences of TASSSVSSSYLH 
(SEQ ID NO: 2 J), STSNLASGAPT (SEQ ID NO: 22), and 
YHRSPFT (SEQ ID NO: 23), or CDRs functionally equiva- 
lent to these CDRs. The respective amino acid sequences 

5 correspond to CDR1, CDR2, and CDR3 of an antibody L 
chain. AJ tentatively, these L chain CDRs may be used inde- 
pendently of the heavy chains described above. The CDRs arc 
substituted for tbe corresponding CDR J, CDR2, and CDR3. 
between the framework of a desired L chain variable region. 

to The respective ami no acids of the CDRs described above may 
be changed by an appropriate procedure, such as substitution. 
For example, the antibodies of the present invention include 
antibodies which comprise each of the CDRs whose amino 
acids have been consent tively substituted. 

15 Specifically, the antibodies of the present invention include 
antibodies which comprise the activity of inhibiting aPC inac- 
ti vat ion by blood and/or by an aPC inhibitor, with heavy 
chains comprising: 

(a) CDRs comprising the amino acid sequences of SEQ ID 
20 NOs:9, 10 ? and 11; 

(b.) CDRs comprising amino acid sequences in which arbi- 
trary amino acid(s) have been substituted conservatively in 
SEQ ID NOs: 9. 10. and 11; 

(c) CDRs comprising the amino acid sequences in which two 
25 or fewer amino acids of SEQ ID NO: 9, eight or fewer 

amino acids of SEQ ID NO: 10, and three or fewer amino 
acids of SEQ ID NO: XI have been substituted, deleted, 
and/or added; or 

(d) CDRs comprising amino acid sequences which are 70% 
30 or more identical to the amino acid sequences of SEQ ID 

NOs: 9, 10, and 11. 

Herein, the number of amino acids modified in (c) is pref- 
erably one in SEQ ID NO: 9. In SEQ ID NO: 10 ; the number 
is preferably seven or less, more preferably six or less, more 

35 preterm bly five or less, more preferably four or less, more 
preferably three or less, and more preferably two or one. In 
SEQ ID NO: 11, the number is preferably two or one, and 
more preferably one. The identity in (d) is preferably 75% or 
higher, more preferably 80% Or higher, more preferably 90% 

40 or higher, and still more preferably 95% or higher. 

Further, the antibodies of the present invention include 
antibodies which comprise the activity of inhibiting a PC inac- 
tivation by blood and/or an aPC inhibitor with L chains 
comprising: 

45 (a) CDRs comprising the amino acid sequences of SEQ ID 
NOs: 21. 22, and 23: 

(b) CDRs comprising amino acid sequences in which arbi- 
trary amino acid(s) have been conservatively substituted in 
SEQ ID NOs: 21, 22, and 23: 

50 (e) CDRs comprising amino acid sequeuces in which five or 
fewer amino acids of SEQ ID NO: 2.1 , five or fewer amino 
acids of SEQ ID NO: 22, and three or fewer amino acids of 
SEQ fD NO: 23 have been substituted, deleted, and/or 
added; or 

5S (d) CDRs comprising amino acid sequences which are 70% 
or more identical to the amino acid sequences of SEQ ID 
NOs: 2'J, 22, and 23. wherein, the number of amino acids 
modified in (c) is preferably four or less, more preferably 
three or less, more preferably two or less, and more pref- 

60 erably one in SEQ ID NO: 21. In SEQ ID NO: 22, the 
number is more preferably four or less, more preferably 
three or less, more preferably two or less, and more pref- 
erably one. In SEQ ID NO: 23. the number is preferably 
two or less, mid more preferably one. Identity in (d) is 

65 preferably 75% or higher, more preferably 80% or higher, 
more preferably 90% or higher, and still more preferably 
95% or higher. Antibodies comprising the CDRs of both 
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. heavy and light chains are particularly preferable as the 

antibodies of the present invention. 

The antibodies of the -present invention also include anti- 
bodies with CDRs comprising the amino acid sequences of 
(S/RJSWMN (SEQ ID NO: 3.1 ), RI YPGDGD(T/S)(N/I)YN- 5 
GKF(R/K)G (SBQ ID NO: 32), and WG(US) (T/S) (T/G) 
(A/S) (A/S)WFAY (SEQ IDNO: 33), or CDRs functionally 
equivalent thereto. As described above, the amino acid 
sequences respectively correspond to CDRI, CDR2, and 
CDR3 of an antibody H chain. More specific examples of 
preferred amino acid sequences of such antibodv heavy chain 
CDRs include SSWMN (SEQ JD NO: 12) and RSWMN 
(SEQ ID NO: 18) for CDR1, RJYPGDGDTNYNGKFRG 
(SEQ ID NO: 13) and RIYPGDGDSfYNGKFKG (SEQ ID 
NO: 19) for CDR2, and WG1TTAAWFAY (SEQ I'D NO: 14) 
and WGSSGSSWFAY (SEQ IDNO: 20) for CDR3. Specifi- 
cally, CDR1, CDR2, and CDR3 of the heavy chain of the 
monoclonal antibody #123 or #285 can be used in combina- 
tion. Such an antibody is expected to comprise an activity ^ 
equivalent to that of #123 or #285. In such cases, as the L 
chain CDRs, it is preferable to use combinations of, for 
example, those comprising the amino acid sequences of RTS- 
ENIYSYLA (SEQ ID NO: 24), NAKTLAEGVPS (SBQ JD 
NO: 25), and YYG (T/S) P (P/Y) T (SEQ ID NO: 34), or 25 
CDRs functionally equivalent thereto. These respective 
amino acid sequences correspond to CORK CDR2. and 
CDR3 of an antibody L chain. Alternatively, these L chain 
CDRs maybe used independently of the heavy chains 
described above. More specific examples of preferred amino 
acid sequences of L chain CDR3 to be used include YYGT- 
PPT (SEQ ID NO: 26) and YYGSPYT (SEQ ID NO: 30), but 
are not limited thereto. 

Specifically, the antibodies of the present invention include 
antibodies wltich comprise the activity of inhibiting aPC inac- 35 
tivation by blood and/or by art aPC inhibitor, and which have 
heavy chains comprising: 

(a) CDRs comprising the amino acid sequences of SEQ ID 
NOs: 31, 32 : and 33; 

(b) CDRs comprising amino acid sequences in which arbi- 40 
trarv amino acid(s)have been conservatively substituted in 
SEQ ID NOs: 3 3 , 32, and 33: 

(c) CDRs comprising amino acid sequences in which two or 
fewer amino acids of SEQ ID NO: 31 . eight or fewer amino 
acids of SEQ II ) NO: 32, and five or fewer amino acids of 45 
SEQ JD NO: 33 have been substituted, deleted, and/or 
added; or 

(d) CDRs comprising amino acid sequences which are 70% 

or more identical to the amino acid sequences of SEQ ID - Q 
NOs: 31. 32, and 33, wherein the number of amino acids 
modified in (e) is preferably one in SEQ ID NO: 31. In SEQ 
ID NO: 32, the number is preferably seven or less, more 
preferably six or less, more preferably five or less, more 
preferably four or less, more preferably three or less, and _ 5 
more preferably two or one. In SBQ ID NO: 33, the number 
is preferably four or less, more preferably three or less, 
more preferably two or less, and more preferably one. 
Identity in (d) is preferably 75% or higher, more preferably 
80% or higher, more preferably 90% or higher, and still gQ 
more preferably 95% or higher. 

Further, the antibodies of the present invention include 
antibodies which compriscthe activity of inhibiting aPC inac- 
tivation by blood and/or by an aPC inhibitor, and which have 
L chains comprising: 65 
(a) CDRs comprising the amino acid sequences of SEQ ID 

NOs: 24, 25! and 34; 



(b) CDRs comprising amino acid sequences in which arbi- 
trary amino acid(s) have been conservatively substituted in 
SEQ ID NOs: 24, 25 ; and 34; 

(c) CDRs comprising the amino acid sequences in which five 
or fewer amino acids of SEQ ID NO: 24, five or fewer 
amino acids of SEQ ID NO: 25, and four or fewer amino 
acids of SEQ ID NO: 34 have been substituted, deleted, 
and/or added; or 

(d) CDRs comprising amino acid sequences which are 70% 
or more identical to the amino acid sequences of SEQ ID 
NOs: 24, 25, and 34. where in (c) the number of amino 
acids modified is preferably four or less, more preferably 
three or less, more preferably two or less, and more pref- 
erably one in SEQ ID NO: 24. In SEQ ID NO: 25, the 
number is preferably four or less, more preferably three or 
less, more preferably two or less, and more preferably one. 
In SEQ ID NO: 34, the number is preferably three or less, 
more preferably two or less, and more preferably one. The 
identity in (d) is preferably 75% or higher, more preferably 
80% or higher, more preferably 90% or higher, and still 
more preferably 95% or higher. Antibodies comprising the 
CDRs of both heavy and light chains are particularly pref- 
erable as the antibodies of the present invention. 

The antibodies of the present invention also include anti- 
bodies which have CDRs comprising the amino acid 
sequences of DYSLH (SBQ JD NO: 15). WINTETG EPTY- 
ADDLKG (SEQ IDNO: 1 6). and G.1TLDY (SEQ ID NO: 17), 
or CDRs functionally equivalent thereto. As described above, 
the amino acid sequences correspond to CDR1, CDR2, and 
CDR3 of an antibody B chain, respectively. Such an antibody 
is expected to comprise an activity equivalent to that of #28 1 . 
In this case, as the L chain CDRs, it is preferable to use 
combinations of, for example, those CDRs comprising the 
amino acid sequences of KSSQSLLSSSNQKNFLA (SEQ 
ID NO: 27), SWASTRHSGVPD (SEQ ID NO: 281 and 
YYRYPLT (SEQ JD NO: 29), or CDRs functionally equiva- 
lent thereto. Hie amino acid sequences correspond to CDRl , 
CDR2, and CDR3 of an antibody L chain, respective!)'. 

Specifically, the antibodies of the present invention include 
antibodies which comprise the activity of inhibiting a PC inac- 
tivation by blood andfar by an aPC inhibitor, and which have 
heavy chains comprising: 

(a) CDRs comprising the amino acid sequences of SEQ ID 
NOs: 15, 16, and 17: 

(b) CDRs comprising amino acid sequences in which arbi- 
trary amino acid(s) liave been conservatively substituted in 
SEQ ID NOs: 15, 16, and 17; 

(c) CDRs comprising amino acid sequences in which two or 
fewer amino acids of SEQ ID NO: 1 5, eight or fewer amino 
acids of SEQ ID NO: 1 6, and five or fewer amino acids of 
SEQ ID NO: 17 have been substituted, deleted, and/or 
added: or 

(d) CDRs comprising amino acid sequences which are 70% 
or more identical to ihe amino acid sequences of SEQ ID 
NOs: 15, 16, and 17. 

In (c). the number of amino acids modified is preferably 
one in SEQ ID NO: 15. In SEQ 3D NO: 16, the number is 
preferably seven or less, more preferably six or less, more 
preferably five or less, more preferably four or less, and more 
preferably three or less. In SEQ ID NO: 17. the number is 
preferably four or less, more preferably three or less, more 
preferably two or less, and more preferably one. Identity in 
(d) is preferably 75% or higher, more preferably 80% or 
higher, more preferably 90% or higher, aid still more prefer- 
ably 95% or higher. 
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Further, the antibodies of the present invention inekide 
antibodies which comprise the activity of inhibiting aPC inac- 
tivution by blood and/or by an a PC inhibitor, and which have 
L chains comprising: 

(a) CDRs comprising the amino acid sequences of SEQ ID 5 
NOs: 27, 28 : and 29; 

(b) CDRs comprising amino acid sequences in which arbi- 
trary amino acid(s) have been conse rvatively substituted in 
SEQ ID NOs: 27, 28, and 29: 

(c) CDRs comprising amino acid sequences in which eight or to 
fewer amino acids of SEQ ID NO: 27. five or fewer amino 
acids of SEQ ID NO: 28 and three or fewer amino acids of 
SEQ ID NO: 29 have been substituted, deleted., and/or 
added; or 

(d) CDRs comprising amino acid sequences which are 70% 15 
or more identical to die amino acid sequences of SEQ I D 
NOs: 27, 28. and 29. 

In (c), the number of amino acids modified is preferably 
seven or less, more preferably six or less, more preferably five 
or less., more preferably four or less, more preferably three or 
less, more preferably two or less, and more preterably one in 
SEQ ID NO: 27. In SEQ 1DNO: 28, the number is preferably 
Jour or less, more preferably three or less, more preferably 
two or less, and more preferably one. In SEQ ID NO: 29, the 
number is preferably two or less, and more preferably one. 
Identity in (d) is preferably 75% or higher, more preferably 
80% or higher, more preferably 90% or higher, and still more 
preferably 95% or higher. Antibodies comprising the CDRs 
of both heavy and light chains arc particularly preferable as 
the antibodies of the present invention. 

"Hie antibodies of the present invention include an antibody 
which has an antibody H chain variable region comprising the 
amino acid sequence of SEQ I D NO: 1 . 2, 3, or 4> or a variable 
region functionally equivalent thereto. In this case, it is pref- 
erable to use combinations of L chains, for example, which 
have a variable region comprising the amino acid sequence of 
SEQ ID NO: 5. 6. 7, or 8, or variable regions functionally 
equivalent thereto. Specifically, the antibodies of the present 
invention include antibodies which comprise the activity of 
inhibiting aPC innervation by blood and/or by an aPC inhibi- 
tor, with heavy chains comprising: 

(a) a variable region comprising an amino acid sequence of 
SEQ ID NO: 1 , 2, 3, or 4; 

(b) a variable region comprising an amino acid sequence in 
which an arbitrary amino acid(s) lias been conservatively 
substituted in SEQ ID NO: 1> 2, 3, or 4; 

(c) a variable region comprising an ammo acid sequence in 
which one or more amino acids have been substituted, 
deleted, and/or added in SEQ ID NO: 1 , 2, 3, or 4: or 

(d) a variable region comprising an amino acid sequence 
which is 70% or more identical to an amino acid sequence 
of SEQ ID NO: 1,2, 3, or 4. 

In (c), the number of amino acids modified is preferably 30 
or less, more preferably 25 or less, more preferably 20 or less, 
more preferably 15 or less, more preferably 10 or Jess, and 
more preferably 5 or less. Identity in (d) is preferably 75% or 
higher, more preferably 80% or higher, more preferably 90% 
or higher, and still more preferably 95% or higher. 

Further,- the antibodies of the present invention include 
antibodies which comprise the activity of inhibiting aPC inac- 
tivation by blood and/or by an a PC inhibitor, with L chains 
comprising: 

(a) a variable region comprising an amino acid sequence of 
SEQ ID NO: 5. 6. 7, or 8: 

(b) a variable region comprising an amino acid sequence in 
which an arbitrary amino acid(s) has been conservatively 
substituted in SEQ ID NO: 5, 6, 7, or 8: 
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(c) a variable region comprising an amino acid sequence in 
which one or more amino acids have been substituted, 
deleted, and/or added in SEQ ID NO: 5, ti 4 7, or 8: or 

(d) a variable region comprising an amino acid sequence 
which is 70% or more identical to an amino acid sequence 
of SEQ ID NO: 5,6,7, or 8. 

In (c), the number of amino acids modified is preferably 30 
or less, more preferably 25 or less, more preferably 20 or less, 
more preferably 15 or less, more preferably JO or less, and 
more preferably 5 or less. Identity in (d) is preferably 75% or 
higher, more preferably 80% or higher, more preferably 90% 
or higher, and still more preierably 95% or higher An anti- 
body comprising both an H chain variable region and an L 
chain variable region, described above, is particularly prefer- 
able as an antibody of the present invention. 

The amino acid sequences can be modi tied, for example, 
by synthesizing multiple oligonucleotides encoding the 
amino acid sequence of a modified variable region, and pre- 
paring nucleic acids encoding the variable region by PCR 
20 using the oligonucleotides. Antibodies which comprise 
desired CDRs can be prepared by inserting the nucleic acid 
into an appropriate expression vector and expressing it. For 
example, the oligonucleotides are synthesized using mixed 
nucleotides to prepare a DNA library that encodes a variety of 
25 antibodies comprising CDRs with various ammo acids intro- 
duced at certain positions. An antibody of the present inven- 
tion can be isolated by selecting from the library a clone 
encoding an antibody which binds to aPC and inhibits the 
suppression of its activity. The present invention relates to the 
50 nucleic acids encoding the antibodies of the present inven- 
tion, vectors comprising these nucleic acids, and host cells 
comprising the nucleic acids or the vectors. The nucleic acids 
may be DNAs or RNAs. The vectors include known vectors, 
such as plasm ids. phages, and viral vectors. The host cells 
35 include bacreria, yeasts, insects, plant cells, and mammalian 
cells. 

In the present invention, recombinant antibodies artifi- 
cially modified to reduce heterologous antigenicity against 
humans can be used. Examples include chimeric antibodies 
40 and humanized antibodies. These modified antibodies can be 
produced using known methods. A chimeric antibody 
includes an antibody comprising variable and. constant 
regions of species that are different to each other, for example, 
an antibody comprising the antibody heavy chain and light 
45 chain variable regions of a nonhuman mammal such as a 
mouse, and the antibody heavy chain and light chain constant 
regions of a human. Such an antibody can be obtained by (1 ) 
ligating a DNA encoding a variable region of a mouse anti- 
body to a DNA encoding a constant region of a human anti- 
50 body: (2) incorporating this into an expression vector; and (3) 
introducing the vector into a host for production of the anti- 
body. 

A humanized antibody, which is also called a reshaped 
human antibody, is obtained by substituting an H or L chain 
55 complementarity determining region (CDR) of an antibody 
of a nonhuman mammal such as a mouse, with the CDR of a 
human antibody. Conventional genetic recombination tech- 
niques for the preparation of such anri bodies are known (see. 
for example, Jones ct aL Nature 321 : 522-525 (1 986); Reich- 
so mann et al, Nature 332: 323-329 (1988); Prestn Curr. Op. 
Struct. Biol 2: 593-596 (1992)). Specifically, a DNA 
sequence designed to ligate a CDR of a mouse antibody with 
the framework regions (PRs) of a human antibody is synthe- 
sized by PCR, using several oligonucleotides constructed to 
65 comprise overlapping portions at their ends. A humanized 
antibody can be obtained by (J ) ligating the resulting DNA to 
a DNA thai encodes a human antibody constant region; (2) 
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incorporating this into an expression vector, and (3) trans- 
fecting the vector into a host to produce ibe antibody (see, 
European Patent Application No. EP 239.400, and Interna- 
tional Patent Application No. WO 96/02576). Human anti- 
body PRs that are ligated via 'he CDR are selected where the 
CDR forms a favorable antigen-binding site. The humanized 
antibody may comprise additional amino acid residue(s) that 
are not included in the CDRs introduced into the recipient 
antibody, nor in the framework sequences. Such amino acid 
residues are usually introduced to more accurately optimize 
the antibody 's ability to recognize and bind to an antigen. For 
example, as necessary, amino acids in the framework region 
of an antibody variable region may be substituted such (hat 
the CDR of a reshaped human antibody forms an appropriate 
antigen-binding site (Sato, K. et a)., Cancer Res. (1993) 53, 
851-856). 

Methods for obtaining human antibodies are also known. 
For example, desired human antibodies with antigen-binding 
activity can be obtained by (1) sensitizing human lympho- 
cytes with antigens of interest or cells expressing antigens of 
interest in vitro; and (2) fusing the sensitized lymphocytes 
with human myeloma cells such as U266 (see Examined 
Published Japanese Patent Application No, (JP-B) Hei 
J -59878). Alternatively, the desired human antibody can also 
be obtained by using an antigen to immunize a transgenic 
(Tg) animal that comprises a partial or entire repertoire of 
human antibody genes (see Nature Genetics 7:1 3-21 (1994): 
Nature Genetics 15:146-156 (J997); Nature 368:856-859 
(1994); international Patent Application WO 93/12227. WO 
92/0391 8 ? WO 94/02602, WO 94/25585, WO 96/34096, ami 
WO 96/33735). Specifically, such Tg animals are created as 
follows: a nonhuman mammal in which the loci of heavy and 
light chains of an endogenous immunoglobulin have been 
disrupted and instead, the loci of heavy and light chains of a 
human immunoglobulin have been introduced via Yeast arti- 
ficial chromosome (YAC) vectors and the like, is obtained by 
creating knockout animals or Tg animals, or mating such 
animals. The immunoglobulin heavy chain loci can be ftmc- 
tionally inoctivated, for example, by introducing a defect at a 
certain site in a J region or C region (e.g.. Qi region). The 
immunoglobulin light chains (e.g., K chain) can be function- 
ally inactivated., for example, by introducing a defect at a 
certain site in a J region or C region, or a region comprising 
the J and C regions. 

Such a humanized antibody can also be obtained from 
culmre supernatant, by using genetic engineering technology 
to transform eukaryotic cells with cDNAs that encode each of 
the heavy and light chains of the antibody, or preferably 
vectors comprising these cDNAs. and then culturing the 50 
transformed cells that produce the recombinant human mono- 
clonal antibody. The hosts are, for example, desired eukary- 
otic cells, preferably mammalian cells, such as CHO cells, 
lymphocytes, and myelomas. 

Furthermore, techniques to obtain human antibodies by 55 
panning with a human antibody library-' are known. For 
example,, the variable region of a human antibody is 
expressed as a single chain antibody (scFv) on die surface of 
a phage, using phage display method, and phages that bind to 
the antigen can be selected. By analyzing the genes of so 
selected phages, the DNA sequences encoding the variable 
regions of human antibodies thai bind to the antigen can be 
determined. If the DNA sequences of scFvs that bind to the 
antigen are identified, appropriate expression vectors com- 
prising these sequences can be constructed, and then intro- 65 
duced into appropriate hosts and expressed to obtain human 
antibodies. Such methods are already well known (see WO 
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92/01047, WO 92/20791. WO 93/06213. WO 93/3 1236. WO 
93/19172, WO 95/01438, and WO 95/l53S8)< 

When the antibody genes have been isolated and intro- 
duced into an appropriate host, hosts and expression vectors 
5 can he used in appropriate combination to produce the anti- 
bodies. As eukaryotic host cells, animal cells, plant cells, and 
Jungal cells may be used. The animal cells include: (j ) mam- 
malian cells such as CHO, COS. myeloma, baby hamster 
kidney (BHK), HcLa. and Vcro cells; (2) amphibian cells such 
to as Xenopus oocytes: or (3) insect cells such as sf9, sf21, and 
Tn5, or silkworms. Known plant cells include cells derived 
from the Nicotiana genus such as Nicotkma tabacum. which 
can be callus cultured. Known fungal cells include yeasts 
such as the Soccharomycas genus, for example Sacchammy- 
15 ces ccrvvisiae, and filamentous fungi such as the Aspergillus 
genus, for example Aspergillus niger. Prokaryotic cells can 
also be used in production systems that utilize bacterial cells. 
Known bacterial cells include E. coli and Bacillus suhtilis. 
The antibodies can be obtained by transferring the antibody 
20 genes of interest into these cells using transformation, and 
then culturing the transformed cells in vhro. 

The isotypes of the antibodies of the present invention are 
not limited. The isotypes include, lor example. IgO (IgGl, 
JgG2, JgG3, and lgG4), IgM. JgA (IgAJ and lgA2), IgD, and 
25 IgE, but IgG and IgM arc preferable. The antibodies of ibe 
present invention may also be antibody fragments comprising 
a portion responsible for antigen binding, or a modified frag- 
ment thereof. The term "antibody fragment" refers to n por- 
tion of a full-length antibody, and generally to a fragment 
30 comprising an antigen-binding domain or a variable region. 
Such antibody fragments include, for example. Fab, F^b')^ 
Fv, single-chain Fv (scFv) which comprises a heavy chain Fv 
and a light chain Fv coupled together with an appropriate 
linker, diabody (diabodies), linear antibodies, and multispe- 
35 cific antibodies prepared from antibody fragments. Previ- 
ously, antibody fragments were produced by digesting natu- 
ral antibodies with a protease', currently, methods for 
expressing them as recombinant antibodies using genetic 
engineering techniques are also known (see Morimoto et ah, 
40 Journal of Biochemical and Biophysical Methods 24:107- 
1 17 (1992); Brennan et aL Science 229:81 (1985); Co, M. S. 
et aL J. Immunol., 1994, 1 52, 2968-2976; Better, M & Hor- 
witz, A. H., Methods in Enzymology, 1989, 178, 476-496, 
Academic Press, inc.; Phieckthun. A. & Skerra, A., Methods 
in Enzymology, J 989, 178, 476-496, Academic Press, Inc.; 
Lamoyi, E., Methods in Enzymology. 1989, 121, 663-669; 
Bird, R. E. et ah, TIBTECH, 1 991 9 9 : 1 32-3 37). 

An "fv 11 fragment is the smallest antibody fragment, and 
contains a complete antigen recognition site and a binding 
site. This region is a dimer (V /r V 7 dimer) wherein the vari- 
able regions of each of the heavy chain and light chain are 
strongly connected by a noncovalent bond. The three CDRs 
of each of die variable regions interact with each other to form 
3n antigen-binding site on the surface of the V /r Vj, dimer. In 
other words, a total of six CDRs from the heavy and light 
chains function together as an antibody's antigen-binding 
site. However, a variable region (or a half Fv, which contains 
only three antigen-specific CDRS) alone is also known to be 
able to recognize and bind to an antigen, although its affinity 
is lower than the affinity of the entire binding site. Thus, a 
preferred antibody fragment of the present invention is an Fv 
fragment, but is not limited thereto. Such an antibody frag- 
ment may be a polypeptide which comprises an antibody 
fragment of heavy or light chain CDRs which are conserved, 
and which can recognize and bind its antigen. 

A Fab fragment (also referred to as F(ab)) also contains a 
light chain constant region and heavy chain constant region 



Case 1:09-cv-01928-RJL Document 1-2 Filed 10/09/2009 Page 14 of 36 



US 7,5 1 7,965 B2 
19 20 

(CHI). For example, papain digestion of an antibody pro- different to thai of the immunoglobulin heavy chain fusion, to 

duces the two kinds of fragments: an antigen-binding frag- transform the host organism. There are cases where the anti- 

ment, called u Fab fragment, containing the variable regions body yield increases when the chain ratio is not identical. In 

of a heavy chain and light chain, which serve as a single such cases, it is more convenient to insert each of the genes 

antigen-binding domain; and the remaining portion, which is 5 into separate vectors, since the expression ratio of each of the 

called an Fc" because it is readily crystallized. A Fab* frag- chains can be controlled. However, genes encoding a number 

ment is different from a Fab fragment in that a Fab" fragment of chains can also be inserted into one vector, 
also has several residues derived from the carboxyl terminus The term "diabody (Do)" refers to a bivalent antibody 

of a heavy chain CHI region, which contains one or more fragment constructed by gene fusion (for example, P. Holliger 

cysteine residues from the hinge region of an antibody. A Fab' to et al., Proc. Natl. Acad. Sci. USA 90: 6444-6448 ( 1 993). EP 

fragment is. Iiowever. stnicmrally equivalent to Fab in that 404.097, WO 93/ I I 16J). In general, a diabody is a dimerof 

both are antigen-binding fragments which comprise the vari- two polypeptide chains. In the each of the polypeptide chains, 

able regions of a heavy chain and light chain, which serve as a light chain variable region (V 7 ) and a heavy chain variable 

a single antigen-binding domain. Herein, an antigen- binding region (V w ) in an identical chain are connected via a short 

fragment comprising the variable regions of a heavy chain 15 linker, forexnmpie. a linker ofabout five residues, so that they 

and light chain which serve as a single antigen- binding cannot bind together. Because the linker between the two is 

domain, and which is equivalent to that obtained by papain too short, the V £ audV K in the same polypeptide chain cannot 

digestion, is referred to as a "Fab-like antibody", even when form a single chain V region fragment, but instead form a 

it is not identical to an antibody fragment produced by pro- dimen Thus, a diabody has two antigen-binding domains, 

tease digestion. Fab'-SH is Fab' with one or more cysteine 20 When the V A and V# regions against? be two types of antigens 

residues having free thiol groups in its constant region. A (a and b) are combined to form V^a-VJs and V^b-V^ via a 

F(ab*) fragment is produced by cleaving the disulfide bond linker of about five residues, and then co-expressed, they are 

between the cysteine residues in the hinge region of F(ab') 2 . secreted as bispecific Dbs. The antibodies of the present 

Other chemically crosslinked antibody fragments are also invention may be such Dbs. 

known to those skilled in the art. Pepsin digestion of an 25 A single-chain antibody (also referred to as "scFv") can be 

antibody yields two fragments; one is a F(ub') 2 fragment prepared by linking n heavy chain V region and a light chain 

which comprises two antigen-binding doma ins and can cross- V region of an anti body (for a review of scFv see Pluckthun 

react with antigens, and the other is the remaining fragment "The Pharmacology of Monoclonal Antibodies" Vol. 1 13. 

(referred to as pFc')- Herein, an antibody fragment equivalent eds. Rosenburg and Moore, Springer Verlag, N.Y., pp. 269- 

to that obtained by pepsin digestion is referred to as a *T(ab') 30 315 (1994)). Methods for preparing single-chain antibodies 

2 -like antibody" when it comprises two antigen-binding are known in the art (see, for example, U.S. Pat. Nos. 4,946. 

domains and can crossreact with antigens. Such antibody 778, 5,260,203, 5.09 1 .51 3 S and 5,455.030). In such scFvs. the 

fragments can also be produced, for example, by genetic heavy chain V region and the lighi chain V* region are Jinked 

engineering. Such antibody fragments can also be isolated, together via a linker, preferably, a polypeptide linker (Huston, 

for example, from the antibody phage library described 35 J. S. ct al., Proc. Natl. Acad. Sci. U.S.A, 1988. 85, 5S79- 

above. Alternatively, F(ab') 2 -SH fragments can be recovered 5883). The heavy chain V region and the light chain V region 

directly from hosts, such as £. cofi : and then allowed to form in a scFv may be derived from die same antibody, or from 

F(ah') 2 fragments by chemical crosslinking (Carter et al., different antibodies. The peptide linker used to ligate the V 

Bio/Technology 10:163-167 (1992)). In an alternative regions may be any single-chain peptide consisting of 12 id 

method, F(ab% fragments can be isolated directly from a 40 1 9 residues. A DN A encoding a scFv can be amplified by PCR 

culture of recombinant hosts. using, as a template, either the entire DNA, or a partial DNA 

Furthermore, antibodies for use in the present invention encoding a desired amino acid sequence, selected from a 

may be multispecific antibodies. A multispecific antibody is DNA encoding the heavy chain or the V region of the heavy 

an antibody that has specificity to at least two different kinds chain of the above antibody, and a DNA encoding the light 

of antigens. Although such a molecule usually binds to two 45 chain or the V region of the light chain of the above antibody; 

antigens (i.e., a bispecific antibody), the "multispecific anti- and using a primer pair that defines the two ends. Further 

body" herein encompasses antibodies with specificity to amplification can be subsequently conducted using a combi- 

more than two antigens (e.g., three antigens). The multispc- nation of the DNA encoding die peptide linker portion, and 

cific antibody can be a full-length antibody or fragment the primer pair that defines both ends of the DNA to be ligated 

thereof (e.g.. F(ab') 2 bispecific antibody). A bispecific anti- 50 to the heavy and light chain respectively. After constructing 

body can be prepared by crosslinking the heavy and light DNAs encoding scFvs, conventional methods can be used to 

chains of two types of antibodies (HL pairs), or from bispe- obtaiu expression vectors comprising these DNAs, and hosts 

ciftc -antibody-producing ceils produced by fusing hybrido- transformed by these expression vectors. Furthermore, scFvs 

mas that produce different monoclonal antibodies (Millstein can be obtained according to conventional methods using Utc 

et al., Nature 305:537-539 (1 983)). Alternatively, a bispecific 55 resulting hosts. These antibody fragments can be produced in 

antibody can be prepared by genetic engineering. Specifi- hosts by obtaining genes that encode the antibody fragments 

cally. the variable domain of an antibody with binding sped- and expressing these as outlined above. Antibodies bound to 

ficity is fused to the constant domain sequence of an immu- various types of molecules : such as polyethylene glycols 

noglobulin. "Hie above-mentioned constant domain sequence (PEGs), may be used as modified antibodies. Mcdiods for 

preferably comprises at least a part of the hinge, CH2. and the so modifying antibodies are already established in the art. The 

CF13 regions of the heavy chain constant domain of the immu- term "anti body" in the present invention also encompasses 

noglobulin. Preferably, the CHI region of the heavy chain the above-described antibodies. 

required for binding with the light chain is also included. A The antibodies obtained can he purified to homogeneity. 

DNA encoding die immunoglobulin heavy chain fusion is The antibodies can be isolated and purified by a method 

inserted into a o expression vector to transform an appropriate 55 routinely used to isolate and purify proteins. The antibodies 

host organism. As necessary> a DNA encoding the immuno- can be isolated and purified by the combined use of one or 

globulin light chain is also inserted into an expression vector, more methods appropriately selected from column chroma- 
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tography, filtration, ultrafiltration, soiling out, dialysis, pre- 
parative polyacrylamide gel electrophoresis, and isoeleclro 
focusing, for example (Strategies for Protein Purification and 
Characterization: A Laboratory Course Manual. Daniel R. 
Marsbak el al. eds.. Cold Spring Harbor Laboratory Press 
(1996); Antibodies: A Laboratory Manual. Ed Harlow and 
David Lane ; Cold Spring Harbor Laboratory. 1988). Such 
methods are not limited to those listed above. Chromato- 
graphic methods include affinity chromatography, ion 
exchange chromatography, hydrophobic chromatography, 
gel filtration, reverse-pliase chromatography, and adsorption 
eliromutograpby. These chromatographic methods can be 
practiced using liquid phase chromatography, such as HPLC 
and FPLC. Columns to be used in affinity chromatography 
include protein A columns and protein 0 columns. For 
example, protein A columns include Hyper D, POROS, and 
Scpharose F. F. (Pharmacia). .Antibodies can also be purified 
by utilizing antigen binding, using carriers on which antigens 
have been immobilized. 

The present invention provides suppressants for the inne- 
rvation of PC or aPC, which comprise the antibodies of the 
present invention. The present invention also relates to uses of 
the antibodies of the present invention in suppressing PC or 
aPC inactivation. The inactivaiion of PC or aPC in the pres- 
ence of an a PC inhibitor, such as PCI or AAT. or the inacti- 
vaiion of PC or a PC in blood, can be suppressed by contacting 
an antibody of the present invention with PC or aPC. The 
present invention relates uymetheds for suppressing the inac- 
ti vat ion of PC or aPQ which comprise a step of contacting an 
aPC antibody of the present invention with PC or aPC. An 
antibody of the present invention may be administered alone 
or in combination with PC and/or aPC. Furthermore, it is 
possible to administer PC or a PC which has been treated in 
vitro with an antibody of the present invention. In addition, 
the present invention provides methods for producing PC or 
a PC whose inactivaiion lias been suppressed, where the meth- 
ods comprise a step of allowing an antibody of the present 
invention to bind to PC or a PC The present invention also 40 
provides the PC and aPC, whose inaciivation lias been sup- 
pressed, produced by these methods. 

aPC is known to comprise the activities of suppressing 
blood coagulation and inflammation. Thus, the effect ofaPC 
in suppressing blood coagulation or inflammation can be 45 
enhanced by the step of administering a non-neutralizing 
anti-aPC antibody of the present invention. The present 
invention relates to methods for suppressing blood coagula- 
tion or inflammation, which comprise the step of administer- 
ing an antibody of the present invention. The methods may 50 
additionally comprise the step of administering PC and/or 
aPC. In this case,, it is preferable to administer an antibody of 
the present invention which lias been previously bound to PC 
and/or aPC The therapeutic effect of aPC (e.g., the preven- 
tion and treatment of thrombosis and sepsis) can be enhanced 55 
by using a suppressant for aPC inactivation. which comprises 
an antibody of the present invention as an active ingredient . 
Ihephrase "comprises an antibody of the present invention as 
an active ingredient" means comprising an antibody of the 
present invention as at least one active ingredient, and does eo 
not indicate any limitation as to the content of the antibody of 
the present invention. The antibodies of the present invention 
are useful to prevent or treat diseases developed andVor 
advanced by a decrease or loss of activated protein C activity, 
and are particularly cfiectivc for preventing and/or treating 
diseases developed upon the enhancement of blood coagula~ 
lion reaction and/or inflammatory reaction. Specific 
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examples of such diseases include arterial thrombosis, 
venous thrombosis, disseminated intravascular coagulation 
(DIC) syndrome, and sepsis. 

The present invention also provides kits winch comprise: 
5 (a) an antibody of the present invention, and (b) PC and/or 
aPC. Such kits can be used to prevent or treat diseases devel- 
oped and/or advanced upon a decrease or loss of activated 
protein C activity. In addition, the present invention provides 
kits for use in preventing or treating diseases developed and/' 
to or advanced upon a decrease or loss in activated protein C 
activity, which comprise; (a) at least one item selected from 
the group consisting of PC. aPC, and an antibody of the 
present invention, and (b) a recording medium comprising a 
description of the use of the antibody in combination with PC 
IS and/or aPC in therapeutically effective amounts, or a link to 
such a description. Such diseases include diseases developed 
upon the enhancement of the blood coagulation reaction and/ 
or iiiflnmmatory reaction, as described above, and specifi- 
cally include arterial thrombosis, venous thrombosis, DIC. 
2G and sepsis. The kits are useful to increase the relative in vivo 
activity of endogenous or administered PC or aPC Thus, the 
kits can be used to prevent and treat the above-described 
diseases. 'Hie recording medium may be a desirable recording 
medium, including printable media, such as paper and plastic. 
25 floppy disk (FD), compact disk (CD), digital video disk 
(DVD), and computer-readable recording media, such as a 
semiconductor memory. These media are typically instruc- 
tion manuals attached to a kit, which may contain a descrip- 
tion of the combined use of the antibody and PC and/or aPC 
30 at therapeutically effective doses. A link' is delined as a 
connection with no direct description about the combined use 
of the antibody and PC and/or aPC at therapeutically effective 
doses, but that informs users of the location of the description 
via a label or such, allowing users to reach the description 
35 using the label. For example, an instruction manual that gives 
instructions or a suggestion to see an attached sheet, URL, or 
the like, which contains the description, 

The antibodies of the present invention can be adminis- 
tered either orally or parenterally, but are preferably admin- 
istered parenteral ly. Specific examples include injections, 
nasal formulations, pulmonary formulations, and cutaneous 
formulations. For example, injections can be administered 
systemically or locally by intravenous injection, intramuscu- 
lar injection, intraperitoneal injection, or subcutaneous injec- 
tion. Furthermore, the method of administration can be 
appropriately selected according to the age and symptoms of 
the patient. A single dose can be selected, from within the 
range of 0.0001 mg to 1,000 mg per kg of body weight, 
Alternatively, the dose can be selected, from within the range 
of 0.001 to 100,000 mg/body for each patient. However, the 
dose of an antibody of the present invention is not limited to 
these examples. 

The antibodies of the present invention can be formulated 
according to standard methods (see, for example, Reming- 
ton's Pharmaceutical Science, latest edition, Mark Publish- 
ing Company. Fusion. U.S.A). and may comprise pharma- 
ceutical!}' acceptable carriers and/or additives. The present 
invention relates to compositions (including reagents and 
pharmaceuticals) comprising the antibodies of the invention, 
and pharmaceutical^ acceptable carriers ami/or additives. 
Exemplary carriers include surfactants (for example, PEG 
and Tween), excipients. antioxidants (for example, ascorbic 
acid), coloring agents, flavoring agents, preservatives, stabi- 
lizers, buffering agents (for example, phosphoric acid, cilric 
65 acio\ and other organic acids), chelating agents (for example, 
EDTA), suspending agents, isotonizing agents, binders, dis- 
integrators, lubricants, fluidity promoters, and corn gents. 
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However, the carriers thai may be employed in the present amino acid sequences oftheVL regions of aPC#79 ; aPOrl 23, 

invention are not limited m this list. In fact, other commonly aPC#2S'l , and aPC4285 are respectively shown in SOQ ID 

used carriers con be appropriately employed: light anhydrous NOs: 5 to S. 
silicic acid, lactose, crystalline cellulose, man ni to I, starch, 

carmelose calcium, carmelose sodium, hydroxypropylcellu- > BEST MODE FOR CARRYING OUT THE 

lose, hydroxypropylmeihyl cellulose, polyvinylacetnldiethy- INVENTION 
laminoacetatc. polyvinylpyrrolidone, gelatin, medium chain 

rally acid triglyceride, po I yoxyelhylene hydrogen a led castor n,c present invention is illustrated in detail below with 

oil 60, sucrose, carboxymcthylcellulosc, corn starch, inor- reference to Examples, but is not io be construed as bein* 

ganic salt, and so on. The composition may also comprise to limited thereto. All publications cued herein arc incorporated 

other low-molecular-weight polypeptides, proteins such as DV reference in their entirety, 
serum albumin, gelatin, and immunoglobulin, and amino 

acids such as glycine, glulamine, asparagme, arginine, and EXAMPLE 1 
lysine. When the composition is prepared as an aqueous solu- 
tion for injection, it can comprise an isotonic solution com- 15 Preparation of Anti-Human aPC Monoclonal 
prising, for example, physiological saline, dexta>se. and other Antibodies 
adjuvants, including, for example, D-sorbitol, l>mannosc, 

D-iaattuilol, and sodium chloride which can also contain aa BALB/c mice were immunised by subcutaneous injection 

appropnate soIub,lr,mg agent lor example, alcohol ( or of apc (Sj p . 220O) as a „ mi jmo ^ abd ^ mjna , 

ex.™ple ethanolX poIyalcoho ( or example, propylene giy- 30 areas Afte ; clevation ofthe ant ; h( £, y (itets in , he ^ was 

HcSnf n0 ""° n ' C <p0,yMrto,C 550 and confirmed, the final immunization was carried out by inject- 

... " '* .. ... j* i - , ing the ontiaen io theoHKlal vein at a dose of 20 ua-mousc. 

It necessarv. antibodies 01 the present mvcntion mav be .... . , - r , . . , 

, *: . . * . , * - three days alter the final immunization, me spleen was 

encapsulated m microcapsules (microcapsules made of ^ ]<JC|) ceJ , s wffe d ^ ee „ $ wefe lhw 

hydroxyccllulose, gelatm, polymelhylmethacry ate, and the 25 fuscd wW> p 3 fj, ce „ s The fll8 ^j £„ s were ^ m 2648 

hkej, and made into components of colloidal drug delivery vveiis 

systems (liposomes, albumin microspheres, inicrocmulsions, ™ ' - - . , , trx „ „~ 

nano-panicles, and nano-capsules) (for example, see -Rem- ™ e da f ol **** » defwed « D f 0 

ington's Pharmaceutical Science 16th edition-. Oslo Ed. ^iumaheculture medium wa^ changed on Day 12 3, and 

(1980)). Moreover, methods for making sustained-release 30 V°f^^^^ 

drug* are known, and these can be applied for the antibodies 1^1 ^ l^Vut ff* 1011 ^^^V^ 

ofthe present invention (Langeret ah, J. Biomed. Mater. Res. 2 /0 BM-Con^med HI , and HA! ). Hie culture supernatant 

15: 167-277(1981); Lunger. CW Tech. 12: 98-105(1932); was collected on Day S, and the hrst screening was carried out 

U.S. Pat. No. 3,773,9 1 9: BP Patent Application No. 58,481 ; usmg bUhA - 

Sidman ei al., Biopolymers 22: 547-556 (1983): HP: 133, 35 r _ 

988). ^ EXAMPLE 2 

In addition, genes encoding the antibodies of the present c 

invention may be used for gene therapy, by cloning into st ^ crccnm 8 
vectors for such use. Such vectors can be administered by 

direct injection using naked plasmids, and also by packaging 40 Thy screening was carried out with EL1SA using aPC 

in liposomes, producing as a variety of viral vectors such as (SIGMA P-2200) as an antigen. After aPC was diluted to 0.5 

retroviral vectors, adenovirus vectors, vaccinia virus vectors, U-^mL with a coating buffer (1 00 mmol/L NaHCO, (pH 9.6) 

poxvirus vectors, adeno associated virus vectors, and HVJ and 002 w/v % NaN 3 ), 100 uX of tlie solution was aliquoted 

vectors (Adolph, "Virus Genome Methods" CRC Press, into each well of 96- well ELJSA plates (Nunc, Maxisorp) and 

Florida (1996)), or by coating onto carrier beads such as 45 immobilized. The plates were washed with rinse buffer (PBS 

colloidal gold particles (for example, WO93/17706). How- H and 0.05% Tween 20) using amicro plate washer (Bio- 

ever,any method can be used for administration, as long as die Rad, Mode] 1 550). A 200-uL aliquot of the diluent bufler (1 

antibodies are expressed in vivo and exercise their function. w/v % BSA, 50 mmol/L Tris-HCl (pH 8.1), 1 50 mmol/L 

Preferably, a sufficient dose may be administered by a suit- NaCJ, 1 mmol/L MgCl S: 0.05% Tween 20 r and 0.02 w/v % 

able parenteral route (such as injecting intravenously, inlrap- 50 NaN 3 ) was added to each well and the plates were allowed to 

eriloneally. subcutaneously, percutaneously, or into adipose s * and at «w™ temperature for one hour. After the diluent 

tissues or mammary glands, inhalation, intramuscular injec- buffer was removed, a 100-ul, aliquot of culture supernatant 

tion, intusion, gas-induced particle bombardment (using <>*' hybridonws was added to each well. The plates were iccu- 

electron guns and such), or through mucosa, for example, bated at room temperature for one hour. After the plates were 

using nose drops). Alternatively, genes encoding the antibod- 55 washed with the rinse buffer, a 1 00-nL aliquot of a solution of 

ies ofthe present invention may be administered into cells ex alkaline phosphatase-conjugated anti-mouse IgG antibody 

vivc using liposome transfection, panicle bombardment (Zymed 62-6522) was added to each well. The plates were 

(U.S. Pat. No. 4,945.050), or viral infection, and the cells may allowed to stand at room temperature for one hour. The plates 

be reintroduced into animals. were washed with rinse buffer, and then a 1 00-uL aliquot of 1 

5 0 mg/mL substrate (p-nitropheuyl phosphate disodium: Sigma 

BRIEF DESCRIPTION OP THE DRAWINGS 104), prepared using the substrate buffer (50 mmol/L 

NaHC0 3 (pH 9.8) and 1 0 mmol/L MgCI ,) 5 was added to each 

FIG. I shows the amino acid sequences ofthe H chain and well. After one hour, OD405/655 nm was determined using a 

L chain variable regions of anti-aPC antibodies suppressing microplate reader (Bio-Rad Model 3550). 

aPC inactivation. In this FIGURE, the amino acid sequences 65 A commercially available anti-aPC antibody (SIGMA 

ofthe VH regions of aPC#79 : aPC#123 ; aPC#281 ; and P7058), which binds to aPC. was used as a positive control. A 

aPC#285 are respectively shown iuSEQIDNOs: 1 to 4. The culmre supernatant was assessed to be positive when its 
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absorbance was higher than that of the positive control at a 
concentration of 111 ng/mL. 308 positive wells were yielded 
upon screening of hybridoma culture supernatants from the 
2648 wells. 

EXAMPLE 3 
Second Screening 

aPC has anticoagulant activity and thus extends blood 
plasma coagulation time. Longer incubation of aPC with 
blood plasma attenuates this effect because aPC is inactivated 
in biood plasma over time. If an antibody comprises the 
activity of suppressing aPC iuactivation, the anticoagulant 
activity of aPC can be maintained by adding the antibody to 
aPC prior to incubation with blood plasma. Conversely, if the 
antibody is an aPC-neutralizing antibody, the anticoagulant 
activity of a PC will be lost. In this Example, hybridoma 
culture supernatants were tested for the activity of suppress- 
ing aPC iuactivation. APTT (activated partial thromboplastin 
time) was used as an indicator of coagulation lime. 

10 uL of 10 ug/mL oPC (SIGMA, P-2200) solution was 
combined with 40 uL of hybridoma culture supernatant (cul- 
tured under an atmosphere of 5% C0 2 at 37° C. for three days) 
or P3U1 cell culture supernatant, 'lite resulting mixture was 
incubated at room temperature for 60 minutes. 50 uL of 
human standard plasma (DADO BEHR1NG. GCH-IO0A) 
was added to die mixture, and then the resulting mixture was 
also incubated at room temperature for 60 minutes. The mix- 
mre was placed in an automatic analyzer for blood coagula- 
tion (Ameiung, KC-I0A), and 50 uL of APTT reagent 
(DADE B EH RING, GAA-20QA) was added to the mixture. 
.An aPC sample which had not been incubated with blood 
plasma was added to blood plasma immediately before addi- 
tion of the APTT reagent. After incubation at 37° C. for three 
minutes, 50 uL of 20 mmol/L CaCL (DADE BBHRJNG, 
GMZ-310) was added to the mixture, and then the time 
required for coagulation was determined. 

The coagulation time-extending activity of hybridoma cul- 
rure supernatants was determined based on the .following 
formula: Iuactivation suppression rate (%)~{(C-B)/(A-B)}x 
100. where A refers to the coagulation time when the above- 
described aPC incubated without blood plasma bad beeu 
added, which is taken as 100%; B refers to the coagulation 
time when aPC incubated with blood plasma had been added, 
after incubation with P3U1 cell culture supernatant, which is 
taken as 0%; C refers to the coagulation time when a PC 
incubated with blood plasma had been added after incubation 
with hybridoma culture supernatant. 

"Ihe experiments were carried out in duplicate (experi- 
ments 1 and 2). The supernatants were assessed as positive 
when they showed an improved coagulation time of 20% or 
higher in both experiments. The culture supernatants of 1 9 
hybridoma lines were found to be positive. 
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TABLE 1 


WELL 
NUMBER 


INACTIVATION SUPPRESSION' RATE 1%) 


EXPERIMENT 1 


EXPERIMENT 2 


19 


36*3 


20.4$ 


41 


46.8} 


55.49 


SO 


23.74 


21.14 


04 


45,70 


32.02 


79 




58.33 


123 


23.45 


• 20.6$ 


143 


25.2? 


34.10 


172 


25.52 




IS! 


26.22 


33.66 


192 


21.36 


30. IS 


223 


2^.87 


22.92 


236 


24.56 


21. 66 


240 


22.18 


22.19 


243 


21.25 


27.87 


263 


2 


27.96 


281 


33.82 


21.64 


285 


24.50 


28.23 


29S 


32.29 


27.19 


302 


27.30 


30.75 



EXAMPLE 4 

f*urifkation of Antibodies and Testing of .Antibody 
Activity in Suppressing aPC lnactivation by PCI 

Hybridomas corresponding to weii Nos. 19, 41, 64. 79, 
281 , and 298 were cultured in HAT medium comprising 10% 
ultra low IgG PCS. IgG fractions were purified from the 
culture supernatants using protein G columns, and PCl's 
activity in inactivating a PC was assessed using a low-motecu- 
Iur-weight substrate. 

Specifically, the hybridomas were cultured in 50 mL of 
HAT medium containing 10% ultra low IgG PCS, and the 
culture supernatants were then collected. The culture super- 
natants were loaded onto protein G columns for adsorption 
(Amcrsham Pharmacia Biotech, HiTrap protein G column). 
After the columns were washed with 10 mL of Binding buffer 
(20 mmol/L phosphate buffer (pH 7.0)) ; elution was con- 
ducted with Elution buffer (0.1 moi/L glycine bulTer (pH 
2.7)). The IgG fractions collected were concentrated using 
Centriprep (Millipore. YM-30), and then the buffer was 
replaced with TBS buffer. 40 uL of the IgG fraction obtained 
was incubated with 10 uL of 10 ug/mL aPC solution at room 
temperature for 60 minutes. 50 ui. of the aPC/antibody mix- 
ture was added to a buffer (final concentrations: 70 mmol/L 
Tris pH 8.0, 125 mmol/L NaCL 10 mmol/L Cad* and 0.1% 
BSA) containing i 0 U hepari n, and the volume of the mixture 
was adjusted to 1 SOpL. 20 uL of 1 00 pg/m L recombinant PCI 
(with Plag lag) was combined with the mixture, and then ihe 
resulting mixture was incubated at 37° C. for 30 minutes. 50 
uLof the low-molccular-weight substraieS-2366 (2 mmol/L) 
was added to the mixnire. After 60 minutes, ihe solution was 
assayed to determine its absorbance (at 405 nin). 



TABLE 2 





COWTROl, 


19 


c\ 


64 


79 


2S1 


29S 


-PC 5 




0.278 


0.303 


0.325 


0.304 


0.3S7 


0.345 


0,270 


0.690 




0.245 


0.301 


0J0S 


0.316 


0356 


0,330 


0.22t 


0.724 


AVERAGE 


0.262 


0.302 


0JJ7 


0.310 


0.357 


0.338 


0.246 


0.707 


aPC ACTIVITY (%) 


0.00 


9.09 


1235 


10.89 


21.32 


17.06 


(-3.59) 


100.00 



Case 1 :09-cv-01 928-RJL Document 1 -2 Filed 1 0/09/2009 Page 1 8 of 36 



US 7,5 

27 

While the absorbance was 0.707 lor aPC in the absence of 
PC! ("-PCI" in the Table), it decreased to 0.262 upon PCI 
addition ("control" in the Table). The relative activity of anti- 
bodies derived from each hybridonia was determined based 
on mean absorbance, where oPC activity in the presence of 
PCI was taken as 0%, and in the absence of PCI as 100%. The 
activity was 21 % for well No. 79; 1 7% for well No. 281 ; and 
12% for well No. 4L Thus, the antibodies suppressed aPC 
inactivation by PCI. "The antibody of well No. 298 did not 
suppress aPC inactivation at all. and isotyping using the cul- 
ture supernatant suggested it was JgM. Thus, it is possible that 
an active fraction would not be yielded in IgG purification. 
Based on the a hove -described criminogenic assay using the 
purified antibodies and the low-molecular-weight substrate, 
those antibodies suppressing aPC inactivation. which com- 
prise the activity of extending blood plasma coagulation time, 
were also revealed to suppress inactivation by PCi. 

EXAMPLE 5 

Analysis of the H and L Chains of Anti-aPC 
Anybodies Suppressing aPC Inactivation 

Total RNA was extracted from about lxJ0 ; cells of each 
antibody-producing hybridoma using Rncasy Plan! Mini Kits 
(QIAGEN, Cat. No. 74904). Complementary PNA was syn- 
thesized from the total RNA using a SMART RACE cDNA 
Amplification Kit (Clonteeh. Cat. NO.K1811-J). The Hand L 



17,965 B2 

28 

chains of #28) and #285 were PCR-ampIified using primers 
sped fie to the IgGl constant region, and the chains of £79 and 
#J 23 were PCR -amp lifted using primers specific to the JgG2b 
constant region. The S'-RACE PCR experiments were carried 

3 out usi ng ati Advantage2 PCR Kit. The DNA fragments of the 
amplified H and L chains were cloned into pGEM-T easy 
vectors (Promega, Cat. No. A 1360), and then sequenced. 

The nucleotide sequences obtained were analyzed, and 
FIG. 1 shows the amino acid sequences of the H and L chain 

j o variable regions. */ 1 23 and #285 have similar sequences. The 
epitopes for these two clones were deduced to be closely 
located. 

INDUSTRJAL APPLICABILITY 

The present invention provides non-neutralizing anti-aPC 
antibodies that suppress aPC inactivation. The antibodies of 
the present invention comprise die activity of maintaining 
a PC activity by suppressing aPC inactivation. and thus com- 

20 prise the activity of sustaining aPC bioactivities, such as the 
activity of suppressing the activation of the blood coagulation 
system, and ami -inflammatory activity. The antibodies of the 
present invention can be used to prevent or treat diseases or 
disorders developed and/or advanced upon a decrease or loss 

25 of the activity of activated protein C. and in particular the 
antibodies of the present invention are useful when Using aPC 
for the prevention and treatment of diseases, such as throm- 
bosis and sepsis. 



SEQUENCE LISTING 



<1S0> KtlHBBR Or 3EQ 10 KOS : 34 

<21C> SSQ ID KG I 

<2il> LSJJGTK: 117 

<2i2> TYPE: pRT 

<213> ORGANISE; KU3 muscullSS 

<4O0> SEQUENCE: 1 

Gin Val Gin Leu Gin Gin Sex Gly Ala Glu Leu Ala Arg Pro Gly Ala 
IS 10 is 

Ser Val Lya Leu Ser Cys Lys Ala Ser Gly Tyr Thr ?he Thx Asp Sex 
20 25 30 

Tyr Met A«n Trp Val Lye Gin Axg Thr Gly Gin Gly Leu Glu Trp lie 
35 40 45 

Gly Glu Val Tyr Pro Glu Thr Gly Asn Ser Tyr Tyr Aor. Glu Lys Phe 
50 55 60 

Lyo Gly Lyo Ala Thr Leu Thr Ala Aop Arg Ser Ser Lyo Thr Ala Tyr 
65 70 75 SO 

Met Gin Leu Asn Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe Cys 
C5 ^ 90 55 

Thr Arg Gly Gly Thr Gly Phe Asp Tyr Trp Gly Gin Gly Thr Thr Leu 
100 .105 HO 

Thr Val Ser Ser Ala 
115 



<210> SEC; ID KO 2 

<211> LENGTH; 121 

<212> TYPE: PRT 

<213> OP.GXSJ2SM: Muo imioculuo 



<4 00> SEQUENCE: 2 
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Gin Val Gin Leu Gin Gin Sex Giy Pro Glu Leu Val Lyo Pro Gly Ala 
IS 10 IS 

Ser Vai Lyo He Ser Cye Lys Ala Ser Gly Tyr Ala Phe Ser Ser Ser 
20 2S 30 

Trp Met Aon Trp Val Lyo Gin Arc; Pro Gly Gin Gly Leu Glu Trp He 
35 40 45 

Gly Arg lie Tyr Pro Gly Asp Gly Asp Thr Aon Tyr Aon Gly Lys Phe 
50 55* SO 

Arg Gly Lys Ala Thr Leu Thr Ala Aop Lyfi Ser Ser Ser Thr Ala Tyr 
SS 70 75 £0 

Met Gin Leu Thr Ser Leu Thr Ser Val Aap Ser Ala Val Tyr ?he Cyo 
35 90 95 

Ala Arg Trp Gly He Thr Thr Ala Ala Trp Phe Ala Tyr Trp Gly Gin 
.100 ICS 1X0 

Gly Thr Leu Val Thr Val Ser Ala Ala 
215 120 



<2 10> SEQ ID NO 3 

<2H> LENGTH: 116 

<212> TYP2 : PRT 

<213> ORGANISM; Hue muuculuB 

<400> SEQUENCE: 3 

Gin lie Gin Lew Val Gin Se.r Gly Pro Glu Leu Glu Lys Pro Gly Glu 
15 10 15 

Thr Val Arg He Ser Cyo Lyo Ala Ser Gly Tyr Thr Phe Thr Asp Tyr 
20 2S 20 

Ser Leu Hie Trp Val Lys Gin Ala Pro Giy Lys Giy Leu Lys? Trp Met 
35 40 45 

Gly Trp He Aan Thr Glu Thr- Gly Glu Pro Thr Tyx Ala Aap Aop Leu 
50 55 60 

Lys Giy Arg Phe Ala Phe Ser Leu Glu Thr Ser Ala Thr Thr Ala Tyr 
65 70 75 30 

Leu Gin He Aon Aon Leu Lye Aon Glu Aap Thr Ala Thr Tyr Phe Cyo 
85 90 9S 

Ala Arg Gly He Thr Leu Aop Tyr Tap Gly Gin Gly Thr Ser Leu Thr 
100 105 110 

Val Ser Sex Ala 

115 



<210> SEQ ID NO 4 

<21.1> LENGTH : 121 

v-2X2> TYPE: PRT 

<213> ORGANISM: Kus muoculuo 

<4C0> SEQUENCE; 4 

Gin Val Gin Leu Gin Gin Ser Gly ser Glu Val val Lyo Pro Gly Ala 
15 10 15 

Ser Val Lye lie Ser Cyo Lyo Ala ser Gly Tyr Ala Phe Ser Arg Ser 
20 25 30 

Trp Met Asn Trp Val Lyo Gin Arg Pro Gly Gin Gly Leu Glu Trp lie 
35 40 45 

Gly Arg lie. Tyr Pro Gly Asp Gly Asp Ser He Tyx Aen Gly Lys Phe 
SO 55 60 

Lys Gly Lys Ala Thr Leu Thr Ala Aop Lys Ser Ser Thr Thr Ala Tyr 
65 70 7S SO 

\ 
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Met His Leu Asn Ser Leu Thr Ser Val Asp Ser Ala Val Tyr Phe Cya 
8S 90 9S 

Ala Arg Trp Gly Ser Ser Giy Ser Ser Trp Fhe Ala Tyr Trp Gly Gin 
100 105 110 

Gly Thr Leu Val Thr Val Ser Ala Ala 
115 120 



<2io> S8Q id r:o 5 

<21i> LENGTH: 100 

<2I2> TYPE: PRT 

<21J> ORGANISM: Mus RlUSCUlus 

c4 00> SEQUENCE; 5 

Gin lie Vai Leu Ala Gin Ser Pro Ala lie Met Ser Ala Ser Leu Gly 
15 10 15 

Glu Arg Val Thr Met Thr Cys Thr Ala Ser Ser Ser Val Ser Ser Ser 
20 25 30 

Tyr Leu His Trp Tyr Gin Gin Lya Pro Gly Ser Ser Pro Lya Ala Trp 
35 40 4S 

He Tyr Ser Thr Ser Asn Leu Ala Ser Gly Ala Pro Thr Arg Phe Ser 
50 55 »0 

Gly Ser Gly Ser Gly Thr Ser Tyr Ser Leu Thr He Ser Ser Met CIu 
65 70 75 80 

Ala Glu Asp Ala Ala Thr Tyr Tyr Cys Hie Gin Tyr His Arc Ser Pro 
85 90 ' 9S 

Phe Thr Phe Gly Ser Gly Thr Lye Leu Glu lie Lys 
100 105 



<2i0> SKQ ID NO 6 

<2U> LENGTH; 107 

<212> TYPE: PF,T 

<2.13> ORGANISM; Mua mufjeuiuo 

<4 00> SEQUENCE: 6 

Asp lie Gin Met Thr Gin Ser Pro Ala Ser Leu Ser Ala Ser Val Gly 
1 '5 10 . 15 

Glu Thr Val Thr lie Thr Cyo Arc Thr Ser Glu Asn lie Tyr Ser Tyr 
20 25 30 

Leu Ala Trp Tyr Gin Gin Lyo Gin Gly Lye Ser Pro Gin Leu Leu Val 
35 40 35 

Aon Aon Ala Lya Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly 
50 55 $0 

Ser Gly Ser Gly Thr Gin Phe Ser Leu Lya lie Asn Ser Leu Gin Pro 
65 70 75 SO 

Glu Asp Phe Gly Thr Tyr Tyr Cys Gin His Tyr Tyr Gly Thr Pre Pro 
85 90 95 

Thr Phe Gly Gly Giy Thr Lys Leu Glu lie Ly3 
100 105 



<210> SEQ ID NO 7 

<211> LENGTH: 113 

<212> TYPE: PRT 

<213> ORGANISM: MUD TOUOCUlua 

<4 00> SEQCENCE; 7 



Asp Asn Val Met Ser Gin Ser Pro Ser Ser Leu Ala Val Ser Val Gly 
15 10 15 
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Glu Lys Val Thr Met Ser Cyo Lys Ser Ser Gin Ser Leu Leu Ser Ser 
20 25 30 

Ser Asn Gin Lyo Asn Phe Leu Ala Trp Tyr Gin Gin Lys Pro Gly Gin 
3S «C 45 

Ser Pro Lys Leu Leu lie Ser Trp Ala Ser Thr Arg His Ser Gly Val 
SO 55 60 

Pro Asp Arg Phe TJir Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Tnr 

65 70 75 30 

lie Ser Ser Val Asn Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gin Gin 
85 90 95 

Tyr Tyr Arg Tyr Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu 
100 105 110 

Lyo 



<210> SEC 10 HO 8 

<211> LEHGTH: 107 

<212> TYPE : PST 

<213> ORGANISM; Muo wusculus 

<4C0:> SEQUENCE: 8 

Asp He Gin Mac Thr Gin Ser Pro Ala Ser Leu Ser Ala Ser Met Gly 
I 5 10 15 

Glu Thr Vai Thr lie Thr Cyo Arg Thr Ser Glu Asn He Tyr Ser Tyr 
20 25 20 

Leu Ala Trp Tyr Arg Gin Lys Gin Gly Lys Ser Pro Gin Leu Leu Val 
35 40 S3 

Tyr Aon Ala Lyo Thr Leu Ala Glu. Gly Val Pro Ser Arg Phe Ser Gly 
50 55 SO 

Ser Gly Ser Gly Thr Gin Phe Ser Leu Arg He Aon Ser Leu Gin Pro 
65 70 75 30 

Glu Asp Phe Gly Ser Tyr Phe Cys Gin His Tyr Tyr Gly Ser Pro Tyr 
35 90 95 

Thr Phe Gly Gly Gly Thr Lys Leu Glu lie Lyo 
100 .105 



<210? SEQ ID HO 9 

<211> LENGTH: 5 

<212> TYPE: PRT 

<213> ORGAUISHt Mus i^usculus 

<4 00> SEQUENCE: 9 

Asp Ser Tyr Met Asn 
1 " 5 



<2A0> SEQ. ID K0 10 

<2U> LENGTH i 17 

*212> TYPE: PRT 

<2i3> ORGANISM: Mas musculus 

<400> SEQUENCE; 1G 

Glu Val Tyr Pro Glu Thr Gly Aon Ser Tyr Tyr Asn Glu Lys Phe Lyo 
15 10 15 

Gly 



<2lO> SEQ ID HO 11 

<211> LENGTH: 7 

<212> TYPE: PRT 

<213> ORGA2II SM r Mus tnusculus 
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-continued 



<4 00> SEQUENCE: 



Giy Giy Thr Gly 



Phe Aep Tyr 
S 



1 



<210> SEQ 2D HO 12 

<21i> LENGTH : 5 

<212> TYPE: PRT 

<213> ORGANISM: Mue nuioculus 

<4G0> SEQUENCE: .12 

Ser s»r Trp Met Aon 
1 5 



<210> SEC* ID NO .1.3 

<211> LENGTH; 17 

<2\2> TYPE s PET 

<213> ORGANISM: Muo muaculuo 

<4 00> SEQUENCE: 13 

Arg He Tyr Pro Gly Asp Gly Asp Thr Acn Tyr Asr. Gly Lyo Phe Arg 
i S 10 15 



<2io> ssc; id no 14 

<21.1> LENGTH : Li 
<2I2> TYPE; PRT 
<213> ORGANISM; Mud onucculus 

<4 0C> SEQUENCE ; 14 

Trp Gly He Thr Thr Ala Ala Trp Phe Ala Tyr 
15 10 



<21C> seo. ID NO 15 

<211> LENGTH : S 

<212> TYPE: PRT 

<213> ORGANISM: Mus musculus 

<4 00> SEQUENCE! 15 

Asp Tyr Ser Leu Hi3 
1 S 



<210> SEQ ID NO 16 

<211> LENGTH : 17 

<212> TYPE; PRT 

<2.13> ORGANISM: Muo musculuo 

«5 00> SEQUENCE; 16 

Trp He A$n Thr Glu Thr Gly Glu Pro Thr Tyr Ala Asrp ftgp i Je a Ly» 
15 10 15 



<210> SEO ID NO 17 

<21i> LENGTH: 6 

<212> TYPE : PRT 

<213> ORGANISM: Muo musculua 

<4 00> SEQUENCE: 17 

Gly He Thr Leu Aop Tyr 
1 5 



<210> SEO ID BO 18 
<211> LENGTH : 5 
<212> TYPE: PRT 



Gly 



Gly 
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<213> ORGANISM : Mufl RlUSCUlUS 

<4 00> SEQUENCE: 18 

Arg Ser Trp Msc Asn 
1 * 5 



<210> SEQ ID KO 19 

<2\lr> LENGTH: 1.7 

<212> TYPE: PRT 

<213> ORGANIC; Mua mueculua 

<4 00> SEQUENCE ; 19 

Arg lie Tyr Pre Gly Aop Gly Asp Ser Il« Tyr Asn Gly Lyo Ph« Lys 
1 S 10 15 

Gly 



<21Q> SEQ ID NO 20 

<21i> LENGTH r 11 

<212> TYPE: PRT 

«213> ORGAN! SM ; Mun mucculue 

<4 00* SEQUENCE: 20 

Trp Gly Scr Ser Gly Ser S«r Trp Phe Ala Tyr 
1 5 10 



<21G> SEQ ID SO 23 

<2.ll> LENGTH : 12 

<212> TYPE : PRT 

<213> ORGANISM: Muo muoculuo 

<4 00> SEQUENCE: 21 

Thr Ala Ser Ser Ser Va.1 Ser Ser Ser Tyr Leu His 
15 10 



<210> SEQ 2D NO 22 

<211> LENGTH ! XI 

<212> TYPE: PRT 

<213> ORGANISM; MUG musculuo 

<4O0> SEQUENCE: 22 

Ser The Ser Azm Leu Ala Ser Gly Ala Pro Thr 
1 5 10 



<210> SEQ ID NO 23 

<311> LENGTH: 7 

<212> TYPE: PRT 

<213> ORGANISM: Mua musculus 

<400> SEQUENCE: 23 

Tyr Hi a Arg Ser. Pro Phe Thr 
1 5 



<210> SEO ID NO 24 

<211> LENGTH : 11 

<212> TYPE: PRT 

<213> ORGANISM; MU9 nuSCUlUS 

<4 00> SEQUENCE: 24 

Arg Thr Ser Glu Asn lie Tyr Ser Tyr Leu Ala 
1 5 .10 



<2t0> SEQ ID NO 25 
<211> LENGTH : 11 
<212> TYPE; PRT 
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<213> ORGANISM: Muc tnucculuc 
<«00> SEQUENCE j 25 

Asn Ala Lvo Thr Leu Ala Glu Gly Val Pro Ser 
IS 10 



<210> SSQ ID NO 26 

<2ll> LENGTH: 7 

<212> TYPE: PR? 

c213:> ORGANISM: Mus niusculus 

<J00> SEQUENCE: 25 

Tyr Tyr Gly Thr Pro Pro Thr 
I 5 



<210> SEQ ID NO 27 

<21I> LENGTH: 17 

<2I2> TYPE : PRT 

<2!3> ORGANISM; Mus musculus 

<4C0> SEQUENCE i 2 7 

Lys Sex S«ir Gin Ser Leu L<?.u Ser Ser Ser Asn Gin Lys Asn ?he Leu 
1 S 10 15 ' 

Aid 



<210> SEQ ID HO 23 

c2ll> LENGTH: 12 

<212> TYPE: PRT 

<213> ORGANISM: Mua RiUQCulUC 

<4O0> SEQUENCE : 28 

Ser Trp Ala Ser Thr Arg His Ser Gly Val Pro Aap 
IS 10 



<210> SEQ ID SO 2& 

<211> LENGTH : 7 

<212> TYPE: PRT 

<213> ORGANISM: MU3 BMSCUlttS 

<4C0> SEQUENCE-. 29 

Tyr Tyr Arg Tyr Pro Leu Thr 
1 5 



<210> SEQ ID NO 30 

<211> LENGTH: 7 

<212> TYPE: PRT . 

<213> ORGANISM: MUu ausculuo 

<4C0> SEQUENCE: 3 0 

Tyr Tyr Gly Sex Pro Tyr Thr 
1 5. 



<210> SEQ ID NO 31 
<211> LENGTH: 5 
<212 ? TYPE: PRT 

<213> ORGANISM: Artificial 
<220> FEATURE i 

<223> OTHER INFORMATION: heavy chain CDRi 
<2 20> FEATURE: 

<221> NAME/KEY: KISC^FEATURS 
<222> LOCATION; U> . . U) 

c223> OTHER INFORMATION : *Xaa" at location 1 stands for Ser or Arg 
<4 00> SEQUENCE; 31 



Xaa Ser Trp Met Aon 
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<21C> SEQ ID NO 32 

<2il> LENGTH: 17 

<2l2> TYPE: PR? 

<213> ORGANISM: Artificial 

<220> FEATURE; 

<223> OT!*EE 1 11 FOR MAT I ON - h*avy chain COF.2 
<220> FEATURE: 

<221> NAME/KEY r MISC..FHATUEE 
<2 22> LGCATI ON: < 9 > ... f 9 ) 

<2 23> OTHER INFORMATION: "Xaa" location 9 stands for Thr or S*r 
<2 20> FEATURE; 

<221> HAKE/KEY: MI5C.PEATURE 
<222> LOCATION: (10).. (10} 

<223> OTHER INFORMATION: "Xaa" at location 10 stands for Aon or lie 
<220> FEATURE: 

<2 2.1> NAME/KEY: HI SC._ FEATURE 
<2 2 2> LOCATION: (1.6),. {16} 

<223> OTHER INFORMATION: "Xaa" at location 16 stands for Arg or Lys 
<4 00> SEQUENCE: 32 

Arg lie Tyr Pro Gly Asp Gly Asp Xaa Xaa Tyr Asii Gly Lys Fhe Xaa 
IS 10 15 

Gly 



<210> ESQ ID KG 33 

<211> LENGTH: 11 

<212> TYPE : PRT 

<213> ORGANISM: Artificial 

<2 20> FEATURE; 

<2 23> OTHER INFORMATION: heavy chain CDR3 
<220> FEATURE: 

<221> NAME/KEY: Ml SC. ..FEATURE 
<2 22> LOCATION: {3} . . D) 

<223> OTHER INFORMATION? *Xaa" at location 3 stands for lie or Ser 
<220> FEATURE: 

<2 21> SAMS/K2Y; MI SC....PEATURE 
<222> LOCATION: {4} . . (4) 

<223> OTHER INFORMATION s "Xaa" at location 4 stands for Thr or Set 
<220> FEATURE: 

<22l> NAME/KEY: MlSC^FEATURE 
<222> LOCATION: {5} . . {5} 

<223> OTHER INFORMATION : *Xaa" at location 5 stands for Thr or Gly 
«220> FEATURE: 

«221> NAME /KEY : MISC„FEATURE 
<222> LOCATION: <<?} . . [O 

<223> OTHER INFORMATION: *Xaa" at location S stands for Ala or Ser 
<220> FEATURE : 

<221> NAME/KEY: MISCLFEATURS 
<2 22> LOCATION : ( 7 ) . . { 7 } 

<223> OTHER INFORMATION .- H X««* at location 7 stands for Ala or Sex 
<4 00> SEQUENCE: .33 

Trp Gly Xaa Xaa Xaa. Xaa Xaa Trp Phe Ala Tyr 
15 10 



<210> SEQ ID NO 34 

<211> LENGTH: 7 

<2I2> TYPE; PRT 

<213> ORGANISM: Artificial 

<220> FEATURE: 

<223> OTHER INFORMATION: light chain CDR3 

«r220> FEATURE: 

<221> NAME/KEY: MI SC_ FEATURE 

c222> LOCATION : it) . . {4 J 

<223> OTHER INFORMATION: "Xoa" at location 4 stands for Thr or Ser 

<220> FEATURE: 

<221> NAMS/K2Y; M1SC„PEATURE 
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<2 2 2> LOCATION i i6) . . >6) 

<223> OTHER INFORMATION • "Xaa" at location C stands £or Pro or Tyr 

<4 0Q> SSQUENCE: 34 

Tyr Tyr Gly Xaa Pio Xaa Thr 
I 5 



J Tie invention claimed is: 6. The ami body of claim 5, wherein the antibody is selected 

1. An antibody against protein C or activated protein C from the E^P consisting of a human antibody, humanized 
(aPC), comprising the heavy chain complementarity deter- antibody, chimeric antibody, antibody fragment, siuglccham 
mining regions (CDRs) J . 2, and 3 having the sequences of is «H>body, and diabody. 

SEQ ID NOs: 9, 10, and 11. respectively; and light chain 7. A composition comprising (he antibody of claim 5 and a 

CDRs 1 , 2, and 3 having the sequences of SEQ ID NOs: 21 , pbarmaceuhcalty acceptable carrier. 

22, and 23 respectively 8 ' mitlbod y a S a,nsl P«>tein C or at>C comprising heavy 

* ' ' chain CDRs 1,2, and 3 having me sequences of SEQ JO NOs: 

2. Hie aniibody ot claim 1, wherein the antibody is selected 31,32, and 33, respcciivelv; and light chain CDRs 1 . 2. and 3 
from the group consisting of a chimeric aniibody, antibody ~ having the sequences of SGQ1D NOs: 24. 25 and. 34, respec- 
lragment. single-chain antibody, and diabody. lively. 

3. A composition comprising the antibody of claim 1 and a 9. The antibody of claim 8. wherein the antibody is a 
pharmaceutical acceptable carrier. human antibody or a humanized antibody. 

4. The antibody of claim 1, wherein the antibody is a 25 10 The anybody of claim 8, wherein the antibody is 
human antibody or 0 humanized anlibodv. selected from the group consisting of a chimeric antibody, 

- , , " . . ^ antibody fragment, single-chain antibody, and diabody. 

5. An antibody that binds to the same epitope of protein C 11, A composition comprising the antibody of claim 8 and 
oraPC as an antibody comprising the CDR sequences of any a pharmaccutically acceptable carrier. 

oioneof: ^ 12. An antibody against protein CoraPC comprising heavy 

(a) the heavy chain CDRs 1 . 2, and 3 having the sequences chain CDRs 1 , 2, and 3 having the sequences of SEQ ID NOs: 
of SEQ ID NOs: 9. 10. and 1 I, respectively: and light 15, 16, and 17, respectively; and light chain CDRs 1,2. and 3 
chain CDRs I, 2, and 3 having the sequences of SEQ ID having the sequences of SEQ 1 D NOs: 27, 28, and 29, respec- 
NOs: 21, 22, and 23, respectively; lively. 

(b) heavy chain CDRs 1 .2. and 3 having the sequences of 35 13 ^ antibody of claim 12, wherein the antibody is a 
SEQ ID NOs: 3 1 , 32. and 33, respectively; and light humau antibody or a humanized antibody. 

chain CDRs 1 , 2, and 3 having the sequences of SEQ ID 1 4t Th ? antibody of claim 12, wherein the antibody is 

NOs- 24, 25 and 34 respectively' or ' selected from the group consisting of a chimeric antibody, 

(e) heavy chair. CDRs J , 2, and 3 baring the sequences of togm ?V* sin S«e-diain antibody, and diabody 

SEQ ID NOs: 15, 16. and 17, respecUvelyVand light * JS.Acompo»«mi,co m pns.ngih fa ni 1 hndyoFc!a,m.l2 a nd 

chain CDRs 1, 2, and 3 having .he sequences of SEQ ID 3 l*~««K"lly acceptable earner. 

NOs: 27. 28, and 29, respectively. ♦ ♦ ♦ * ♦ 
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United States Patent and Trademark Office 

i 



FISH & RICHARDSON PC 
P.O.. BOX 1022 
MINNEAPOLIS .MN 55440-1022 



Commissioner for Patents 
United States Patent and Trademark Office 

COPY MAILisDandria. VA 223°3-i450 

SEP 2 9 2009 
OFFICE OF PETITIONS 



In re Patent No. 7,517,965 
Koga et al. 

Issue Date: April 14, 2009 

Application No. 10/522,086 

Filed: October 5, 2005 

Attorney Docket No. 14875-138US1/ 

C1-A0214P-US 



LETTER REGARDING patent 

term adjustment and 
notice of intent to issue 
certificate of correction 



This is in response to the "APPLICATION FOR PATENT TERM 
ADJUSTMENT UNDER 37 CFR §1. 705(d) ," filed June 11, 2009, 
requesting that the patent term adjustment determination for the 
above-identified patent be changed from two hundred sixty-eight 
(268) days to seven hundred sixteen (716) days. 

The request for reconsideration of patent term adjustment is 
GRANTED to the extent indicated herein. 

The patent term adjustment indicated in the patent is to be 
corrected by issuance of a certificate of correction showing a 
revised Patent Term Adjustment of three hundred fifty-six (356) 
days . 

Patentees are given THIRTY (30) DAYS or ONE (1) MONTH, whichever 
is longer, from the mail date of this decision to respond to 
this decision. No extensions of time will be granted under 
§ 1.136. 



On April 14, 2009, the above-identified application matured into 
U.S. Patent No. 7,517,965 with a patent term adjustment of 268 
days . 

This request for reconsideration of patent term adjustment was 
timely filed within two months of the issue date of the patent 
See 1.705(d) . ^ 
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The Office acknowledges receipt of the $200.00 fee set forth in 
37 CFR 1.18(e). No additional fees are required. 

Patentees request recalculation of the patent term adjustment 
based on the decision in Wyeth v. Pudas , 580 F. Supp. 2d 138, 88 
U.S.P.Q. 2d 1538 {D.D.C. 2008). Patentees assert that pursuant 
to Wyeth , a PTO delay under §154 (b) (1) (A) overlaps with a delay 
under §154 (b) (1 ) (B) only if the delays -occur on the same day." 
Patentees maintain that the period of adjustment due to the 
Three Year Delay by the Office, pursuant to 37 CFR § 1.703(b), 
of 4 48 days and the period of adjustment due to examination 
delay, pursuant to 37 CFR §1.702 (a), of 360 days do not overlap, 
as these periods do not occur on the same day. 

Patentees argue that the period of adjustment due to the Three 
Year Delay by the Office, pursuant to 37 CFR § 1.702(b), is 448 
days. Patentees correctly assert that the Three Year Delay 
period is triggered by the application's commencement date. The 
commencement date is 30 months from the priority date claimed in 
the international application, or earlier. The priority date 
claimed in the international application is July 22, 2002. 
Thirty months from that date is January 22, 2005, which is the 
beginning of the Three Year Delay period. Accordingly, the 
period of adjustment under § 1.702(b) is 448 days, counting the 
number of days beginning on January 23, 2008 and ending on April 
14, 2009 when the patent issued. 

Patentees assert that in addition to the three year delay 
period, they are entitled to a period of adjustment due to 
examination delay, pursuant to 37 CFR §1.702 (a) (1) of 360 days 
for the failure by the Office to mail at least one of a 
notification under 35 U.S.C. 132 not later than fourteen months 
after the date the application fulfilled the requirements of 35 
U.S.C. 371 in an international application, pursuant to § 
1.702(a)(1). A restriction requirement was mailed on November 
20, 200.7, which was 14 months and 360 days after the § 371 
fulfillment date. 

Under 37 CFR § 1.703(f), Patentees are entitled to a period of 
patent term adjustment equal to the period of delays based on 
the grounds set forth in 37 CFR §1.702 reduced by the period of 
time equal to the period of time during which Patentees failed 
to engage in reasonable efforts to conclude prosecution pursuant 
to 37 CFR §1.704. In other words, the period of Office delay 
reduced by the period- of applicant delay. The period of 
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reduction of 92 days for applicant delay is not in dispute. 
Patentees assert that the total period of Office delay is the 
sum of the period of Three Year Delay (448 days per patentees' 
calculation) and the period of Examination Delay (360 days, not 
in dispute) to the extent that these periods of delay are not 
overlapping. 

Patentees contend there is no overlap. 

As such, patentees assert entitlement to a patent term 
adjustment of 716 days (448 per patentees' calculation +360 
reduced by 0 overlap -92 for applicant delay) . 

As discussed above, the Office states that the patent issued 3 
years and 448 days after the application's commencement date. 
The Office agrees that the action detailed above was not taken 
within the specified time frames, and thus, the entry of period 
of adjustment of 360 days is correct. At issue is whether 
Patentees should accrue 448 (adjusted for overlap, per 
patentees' definition of 'overlap and patentees' calculation of 
the Three Year Delay Period) days of patent term adjustment for 
the Office taking in excess of three years to issue the patent, 
as well as, 360 days for Office failure to take a certain actior 
within a specified time frame (or examination delay) . 

The Office contends that the 360 days of examination delay 
pursuant to 37 CFR §1.702 (a) overlap with the 488 days of delay 
in issuance of the patent pursuant to §1. 702(b). The Office's 
interpretation is consistent with patentees' alternative 
determination of "B Delay" set forth on Page 7/8 of the 
application. Patentees' first interpretation of the period of 
overlap has been considered and found to be incorrect. 
Patentees' calculation of the period of overlap is inconsistent 
with the Office's interpretation of this provision. 35 U.S.C. 
154(b)(2)(A) limits the adjustment of patent term, as follows: 

to the extent that 'the periods of delay attributable to 
grounds specified 'in paragraph (1) overlap, the period of 
any adjustment granted under this subsection shall not 
exceed the actual number of days the issuance of the 
patent was delayed. 
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Likewise, 37 CFR 1.703(f) provides that: 

To the extent that periods of delay attributable to the 
grounds specified in §1.702 overlap, the period of 
adjustment granted under this section shall not exceed the 
actual number of days the issuance of the patent was 
delayed. 

As explained in Explanation of 37 CFR 1.703(f) and of the United 
States Patent and Trademark Office Interpretation of 35 U.S.C. 
154(b) (2) (A) , 69 Fed. Reg. 34283 (June 21, 2004), the Office 
interprets 35 U.S.C. 154(b)(2)(A) as permitting either patent 
term adjustment under 35 U.S.C. 154 <b) (1) (A) (i)-(iv) , or patent 
term adjustment under 35 U.S.C. 154(b)(1)(B), but not as 
permitting patent term adjustment under both 35 U.S.C. 
154(b) (1) (A) (i)-(iv) and 154(b)(1)(B). Accordingly, the Office 
implements the overlap provision as follows: 

If an application is entitled to an adjustment under 35 
U.S.C. 154 (.b) (1) (B) , the entire period during which the 
application was pending (except for periods excluded under 
35 U.S.C. 154(b) (1) (B) (i)-(iii)), and not just the period 
beginning three years after the actual filing date of the 
application, is the period of delay under 35 U.S.C. 
154(b) (1) (B) in determining whether periods of delay 
overlap under 35 U.S.C. 154(b)(2)(A). Thus, any days of 
delay for Office issuance of the patent more than 3 years 
after the filing date of the application, which overlap 
with the days of patent term adjustment accorded prior" to 
the issuance of the patent will not result in any 
additional patent term adjustment. See 35 U.S.C. 
154(b)(1)(B), 35 U.S.C. 154(b) (2) (A), and 37 CFR 
§ 1.703(f). See Changes to Implement Patent Term 
Adjustment Under Twenty Year Term; Final Rule, 65 Fed. Reg. 
56366 (Sept. 18, 2000). See also Revision of Patent Term 
Extension and Patent Term Adjustment Provisions; Final 
Rule, 69 Fed. Reg. 21704 (April 22, 2004), 1282 Off. Gaz. 
Pat. Office 100 (May 18, 2004). See also Explanation of 37 
CFR 1.703(f) and of the United States Patent and Trademark 
Office Interpretation of 35 U.S.C. 154(h)(2)(A), 69 Fed. 
Reg. 34283 (June 21, 2004). 

The current wording of § 1.703(f) was revised in response to the 
misinterpretation of this provision by a number of Patentees. 
The rule was slightly revised to more closely track the 
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corresponding language of 35 U.S.C. 154(b)(2)(A). The relevant 
portion differs only to the extent that the statute refers back 
to provisions of the statute whereas the rule refers back to 
sections of the rule. This was not a substantive change to the 
rule nor did it reflect a change of the Office's interpretation 
of 35 U.S.C. 154(b) (2). (A). As stated in the Explanation of 37 
CFR 1.703(f) and of the United States Patent and Trademark 
Office Interpretation of 35 U.S.C. 154(b) (2) (A), the Office has 
consistently taken the position that if an application is 
entitled to an adjustment under the three-year pendency 
provision of 35 U.S.C. 154(b)(1)(B), the entire period during 
which the application was pending before the Office (except for 
periods excluded under 35 U.S.C. 154 (b) (1) (B) (i) - (iii) ) , and not 
just the period beginning three years after the actual filing 
date of the application, is the relevant period under 35 U.S.C. 
154(b)(1)(B) in determining whether periods of delay "overlap" 
under 35 U.S.C, 154(b)(2)(A), 

This interpretation is consistent with the statute. Taken 
together the statute and rule provide that to the extent that 
periods of delay attributable to grounds specified in 35 U.S.C. 
154(b)(1) and in corresponding §1.702 overlap, the period of 
adjustment granted shall not exceed the actual number of days 
the issuance of the patent was delayed. The grounds specified 
in these sections cover the A) guarantee of prompt Patent and 
Trademark Office responses, B) guarantee of no more than 3 year 
application pendency, and C) guarantee or adjustments for delays 
due to interference, secrecy orders and appeals. A section by 
section analysis of 35 U.S.C. 154(b)(2)(A) specifically provides 
that: 

Section 4402 imposes limitations on restoration of term. 
In general, pursuant to [35 U.S.C. ] 154 (b) (2) (A) - (C) , total 
adjustments granted for restorations under (35 U.S.C. 
154] (b) (1) are reduced as follows: (1) To the extent that 
there are multiple grounds for extending the term of a 
patent that may exist- simultaneously (e.g., delay due to a 
secrecy order under [35 U.S.C. ] 181 and administrative 
delay under [35 U.S.C] 154(b)(1)(A)), the term should not 
be extended for each ground of delay but only for the 
actual number of days that the issuance of a patent was 
delayed; See 145 Cong. Rec. S14,718 1 



The AIPA is title IV of the Intellectual Property and Communications Omnibus Reform Act of 
1999 (S. 1948), which was incorporated and enacted as law as part of Pub. L. 106-113 The 
Conference Report for H.R. 3194, 106 th Cong. I" Sess. {1999), which resulted in Pub. L 106-113 
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As such, the period for over 3 year pendency does not overlap 
only to the extent that the actual dates in the period beginning 
three years after the commencement date overlap with the actual^ 
dates in the periods for failure of the Office to take action 
within specified time frames. In other words, consideration of 
the overlap does not begin three years after the commencement 
date of the application. 

In this instance, the relevant period under 35 U.S.C. 

154(b) (1) (B) in determining whether periods of delay '"overlap" 

under 35 U.S.C. 154(b)(1) (A) is the entire period from the 

application's commencement date through the date it matured into 

Patent No. 7,517,965, January 22, 2005 to April 14, 2009. 

(There were no periods excluded under 35 U.S.C. 154(b) (i) (B) (i)~ 

.(iii)). 

Therefore, 88 days, not 0 days, of patent term adjustment should 
have been entered for the Three Year Delay period, since the 
period of delay of 448 days attributable to the delay in the 
issuance of the patent overlaps with the adjustments of 360 days 
attributable to the ground specified in § 1.702(a)(1). 448 days 
is determined to be the actual number of days that the issuance 
of the patent was delayed, considering the 448 days over three 
years and the 360 days of examination delay. Accordingly, 88 
days (448 - 360) should have been entered at issuance for a 
total Office day of 448 days. 

As such, patentees are entitled to a patent term adjustment of 
356 days (360 days examination delay + 448 days Three Year delay 
reduced by 360 overlap - 92 days for applicant delay) . 

Accordingly, the patent term adjustment indicated in the patent 
is to be corrected by issuance of a certificate of correction 
showing a revised Patent Term Adjustment of three hundred fifty- 
six (356) days. 

The application file is being forwarded to the Certificates of 
Correction Branch for issuance of a certificate of correction in 
order to rectify this error. The Office will issue a 
certificate of correction indicating that the term of the above- 



does not contain any discussion (other than the incorporated language) of S. 1948. a section-by- 
section analysis of S. 1948, however, was printed in the Congressional Record at the request of 
Senator Lott, See 145 Cong. Rec. S14, 708-26 (1999) (daily ed. Nov. 17, 1999). 
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identified patent is adjusted by three hundred fifty-six (356) 
days. 



Telephone inquiries specific to this matter should be directed 
to Shirene Willis Brantley, Senior Petitions Attorney, at (571 
272-3230. 



Alesia M. Brown 
Senior Petitions Attorney 
Office of the Deputy Commissioner 
for Patent Examination Policy 

ENCLOSURE: DRAFT CERTIFICATE OF CORRECTION 
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, DEAfT 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT : 7.51 7,965 B2 
DATED April 14, 2009 

INVENTOR(S) : Takaki Koga et al. 

!t is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

On the cover page, 

[*] Notice: Subject to any disclaimer, the term of this patent is extended or adjusted 
under 35 USC 1 54(b) by (268) days 

Delete the phrase "by 268 days" and insert - by 356 days- 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT : 7,517.965 B2 
DATED April 14, 2009 

INVENTOR(S) : Takaki Koga et aL 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: 

On the cover page, 

[*] Notice: Subject to any disclaimer, the term of this patent is extended or adjusted 
under 35 USC 1 54(b) by (268) days 

Delete the phrase "by 268 days 5 ' and insert - by 356 days- 
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